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Abstract 
Background: Mental illness has a high global prevalence, and is associated with higher 
risk of chronic physical conditions, and reduced psychosocial functioning and life 
expectancy. Physical activity (PA) protects against chronic disease and mortality risk, and 
reduces depression and anxiety. Prolonged sedentary behaviour (SB) can have 
deleterious metabolic consequences, and may be associated with poor mental health.  
Accurate measurement of PA and SB is important for assessing health risk, and evaluating 
behaviour change interventions. Objective measures (e.g. accelerometers) allow for 
unbiased measurement, but do not assess the context of participation, which may be 
important for intervention planning. Questionnaires can assess context, however, they are 
prone to reporting errors. The feasibility of using these measures, and the impact of 
standard data management procedures, has not been assessed in adults with mental 
illness. 
PA interventions may positively influence PA levels of adults with mental illness. It is 
important to understand PA attitudes when designing interventions, as well as the 
acceptability and efficacy of different exercise approaches.  
Aims and objectives: The overarching aim of this PhD was to measure, understand, and 
positively influence the PA patterns of non-institutionalised adults with mental illness. 
Specific objectives were to: i) assess the utility of questionnaires and accelerometers for 
measuring PA and SB; ii) investigate questionnaire and accelerometer data management 
procedures; iii) measure PA and SB levels; iv) assess PA attitudes and opinions; and v) 
assess the feasibility and acceptability of two exercise protocols. Data from two research 
studies are presented in six thesis chapters. 
Study 1 
Design: Cross-sectional. 
Method: Participants were adult clients of mental health services. Participants completed 
self-administered questionnaires on the time spent in PA and SB in different contexts, 
wore an ActiGraph GT3x+ accelerometer on the hip for 7-days, and rated the 
ease/difficulty of completing the questionnaires and accelerometry. Participants also 
completed self-administered questionnaires on PA attitudes and opinions.  
Results: 142 participants completed the questionnaires (mean age=40yrs, female=43%); 
of these, 99 (70%) completed the accelerometry (mean age=40yrs, female=47%). 
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Participants found it easier to report PA than SB, and to complete accelerometry than 
questionnaires. Defining a valid day of accelerometry using standard absolute criteria 
biased the sample by excluding participants with short waking hours; defining a valid day 
relative to waking hours prevented this bias. The median self-reported time spent in 
moderate-to-vigorous physical activity (MVPA) and SB was 4.5 hours/week and 10.7 
hours/day respectively. Walking for transport, and sitting to watch TV, contributed most to 
these self-report estimates. The median accelerometer-derived time spent in MVPA and 
SB was 26 minutes/day and 9.2 hours/day respectively; 7% of MVPA time was in bouts of 
10 minutes or more, and 34% of SB time was in bouts of over 20 minutes. The most 
commonly preferred PA type was walking. Common PA context preferences included 
close to home, outdoors, with people of the same ability, and activities not just about 
exercise. Personal training had high acceptability. Commonly reported PA barriers 
included poor mental health, tiredness, shyness; these were positively associated with 
psychological distress (p≤0.001). 
Study 2 
Design: Randomised controlled trial. 
Method: Participants were adult clients of mental health services. Participants were 
randomised to either moderate-intensity continuous training (MICT; 30-minute sessions at 
65-75% of maximum heart rate), or high-intensity interval training (HIIT; sessions of 3x4-
minute intervals at 85-95% maximum heart rate). Both groups completed 12-weeks of 
supervised aerobic exercise three times/week. At baseline and post-intervention, 
participants completed a maximal fitness test, and self-administered questionnaires on 
depression, anxiety, stress and wellbeing. Participants completed questionnaire items 
about the exercise acceptability.  
Results: Of the 24 participants randomised (mean age=38yrs, female=46%), nine (38%) 
completed the study (5xMICT, 4xHIIT). Median attendance was 86% and 81% for MICT 
and HIIT completers, respectively. There were no significant between group differences in 
fitness, depression, anxiety, stress, wellbeing, or exercise acceptability.  
Significance 
This research program contributes to our understanding of measuring and positively 
influencing PA and SB in adults with mental illness. Innovations include: i) using a 
combination of self-report and objective measures to measure PA; ii) assessing the 
participant-centred utility of questionnaires and accelerometry; iii) evaluating a new 
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accelerometry data management criterion that reduces potential sources of bias; iv) 
assessing detailed PA context preferences, and attitudes toward personal training, and v) 
evaluating the acceptability of HIIT for adults with mental illness.  
Conclusion 
Accelerometers are feasible for measuring PA and SB, and more acceptable than 
questionnaires for measuring SB. Adults with mental illness have high SB, and 
predominantly accumulate PA with incidental walking. A valid day of accelerometry should 
be defined relative to waking hours to prevent bias. Low cost, outdoor walking groups in 
local areas led by a personal trainer who can provide assistance with overcoming barriers 
may accommodate PA preferences. HIIT can be an acceptable exercise approach for 
adults with mental illness. It is recommended that exercise programs should be community 
based to improve accessibility, and an exercise instructor should individualise exercise 
programs.  
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1 
1 Introduction 
1.1 Prevalence and impact of mental illness 
A mental illness is a health problem characterised by alterations in thought and behaviour that 
significantly affects usual functioning. Common mental illness (CMI) includes depressive, anxiety, 
and substance use disorders. Severe mental illness (SMI) typically refers to diagnoses with 
psychosis, such as schizophrenia or bipolar disorder with psychotic symptoms, which are generally 
accompanied with significant disruption in functionality. Symptoms of these illnesses are diverse 
and complex, and can include extremes in mood (e.g. depression, mania), delusions and 
hallucination, phobia, fatigue and lethargy, and alterations in sleep and appetite. The severity and 
duration of psychopathological symptoms can range from a brief episode followed by complete 
remission, to severe and persistent symptoms over the course of one’s life1. 
Symptomatology and other illness related factors contribute to the poor psychosocial well-being of 
adults with mental illness. People with mental illness commonly experience social isolation, 
stigma2,3, and low self-esteem4 and quality of life5,6. Mental illness is associated with cognitive 
deficits7,8 (e.g. reduced memory, learning, information processing) which mediate poor social and 
occupational functioning9,10. Psychiatric medications can have unwanted side-effects, such as 
sedation, cognitive impairment, and emotional flattening11,12, which may also hinder recovery. 
Unemployment rates are high for people with psychiatric disability, which can further contribute to 
poor mental health13,14. For those with employment, mental illness can contribute to absenteeism 
and presenteeism (loss of worker productivity)15, and early retirement due to illness related 
complications16. People with mental illness can experience long term disability and disadvantage, 
and may require significant support from family, carers, and health services. 
A 2014 systematic review and meta-analysis estimated global prevalence for CMI in 63 countries17. 
Results indicated a pooled point prevalence of CMIs (in the past 6- or 12-months) of 18%, and 
lifetime prevalence rates of 29%17. Anxiety disorders were the most common, with a point 
prevalence of 7%17; this was consistent with a 2012 systematic review and meta-regression, that 
also estimated a global point prevalence of 7%18. Mood disorders were the second most common, 
estimated to have point prevalence of 5%, and lifetime prevalence of 10%17. This was similar to a 
2013 systematic review, which reported point prevalence of 5% for depressive disorders19. The 
prevalence of common mental disorders was highest among females17, particularly for mood and 
anxiety disorders17-19; substance use disorders were most common in males17. Schizophrenia is a 
rarer disorder, with point prevalence of 4.6 persons per 1,000 (10th-90th percentile=1.9 to 10.0), and 
period prevalence 7.2 persons per 1,000 (10th-90th percentile 3.1 to 27.1)20,21. 
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The global impact of mental illness was estimated in the 2010 Global Burden of Diseases, Injuries, 
and Risk Factors study. This study assessed the population-level burden of disease and injuries 
caused by 291 physical and mental conditions, including 20 mental and substance use disorders, as 
well as cardiovascular disease, cancers, musculoskeletal disorders, infectious diseases, unintentional 
injuries. The total burden was operationalised as disability-adjusted life years (DALYs), calculated 
as the sum of years lived with disability (YLD) and years of life lost due to premature mortality 
(YLLs). DALYs attributed to mental and substance use disorders were predominantly due to 
disability – mental and substance use disorders were the leading cause of all YLDs, accounting for 
23% of the total non-fatal disease burden.  Given that most excess deaths in individuals with a 
mental disorder were attributed to physical causes, their contribution to YLLs was relatively low, 
only accounting for 0.5% of total YLLs. Overall, mental and substance use disorders were the fifth 
leading cause of global DALYs22, highlighting the need for effective services for the prevention, 
identification, and treatment of mental illnesses. 
Burden and prevalence rates of mental illness depend upon regional culture, national economy, and 
government investment in quality mental health services19,23. It is therefore important that national 
data be considered for the planning and provision of local mental health initiatives. Australian data 
indicate that almost half (46%) of adults in 2007 had a CMI at some stage in their life, and 20% had 
experienced a CMI in the past 12 months24. Psychiatric comorbidity was high, with about one fifth 
(22%) of those who met criteria for a mental disorder experiencing two different categories of 
mental disorder (e.g. depression and anxiety), and 3.5% experiencing three categories (depression, 
anxiety and substance disorders) within the same 12-month period. Psychotic disorders are less 
prevalent: about 0.5% of Australians had received treatment for a psychotic disorder in 2010 (an 
estimated 64,000 Australians per year)25. Mental illness burden in Australia is comparable to global 
estimates22: In 2007, mental disorders were the leading cause of YLDs (accounting for 24% of non-
fatal disability), third leading cause of all DALYs (accounting for 13% of total disease burden), and 
contributed only 1.8% to YLLs, primarily due to fatal outcomes associated with substance use26.  
Adults with mental illness have a high degree of physical morbidity that contributes to excess 
mortality. Adults with mental illnesses have a mortality rate more than double that of the general 
population27,28, and a reduced life expectancy of between 10 and 20 years28,29. Evidence suggests 
that this mortality gap has increased in recent decades29,30, and is largely attributed to poor 
management of preventable physical conditions, such as cardiovascular disease, stroke, chronic 
lung disease, and infection29,31-33. Compared with the general population, adults with mental illness 
have a higher risk of cardiovascular disease (2 fold higher odds), diabetes mellitus (2-3 fold higher 
risk), and metabolic syndrome (2 fold higher odds) – conditions which have many modifiable risk 
factors34-40. People with a psychotic disorder have high rates of multiple medical comorbidities: 
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World Health Survey data indicate that people with psychoses have 4.05 (95%CI=3.25–5.04) times 
higher odds for multimorbidity than non-mentally ill individuals41. People with mental illness are 
more likely to smoke, have poorer diets, be overweight or obese, and are less likely to exercise at 
recommended levels42-46. These unhealthy lifestyle behaviours, as well as side-effects of some 
antipsychotic medications47 (e.g. weight gain, lethargy), are the likely cause of increased cardio-
metabolic risk factors seen in this group (e.g. hypertension, hyperglycaemia, obesity and 
dyslipidaemia)42,44,45,48. In addition, the impact of these physical illnesses may be compounded by 
factors related to mental illness, such as underutilisation of primary care services49,50, reduced 
access to quality health care51-53, stigma54,55, and diagnostic overshadowing (the tendency for a 
clinician to attribute the presentation of physical symptoms to a pre-existing mental condition)56,57, 
which can delay treatment. The presence of medical comorbidities can also hinder recovery from 
psychiatric conditions58.   
Due to high prevalence rates, and the personal and societal burden, the economic cost of mental 
illness is large59. Mental illness was the largest contributor to the global economic burden of non-
communicable disease in 2010, just behind cardiovascular disease60. The global cost of mental 
health conditions was estimated to be US$2.5 trillion, and is expected to more than double by 
203060. About two thirds of the global economic burden from mental illness is attributed to indirect 
costs in higher income countries, such as reduced workforce participation and economic output60. 
Cost of Illness studies in Australia have tended to focus on a specific disorder or age group. In 
2009, the financial cost of mental illness in Australian youth (12-25 years of age) was estimated to 
be AUD$31 billion, attributed to productivity losses, welfare payments, health system expenditure 
and lost wellbeing due to disability and premature death61. The national aggregate cost to 
government of Australian adults who retire early due to mental illness (aged 45-64 years) was 
estimated to be about AUD$2.5 billion16. The health sector costs for an individual with a psychotic 
disorder was almost four times higher than for an average Australian adult62. Combined with 
indirect costs, it was estimated that psychotic disorders cost the Australian government and broader 
society a total of AUD$8 billion per annum62. 
The poor physical and psychosocial health and wellbeing of people with mental illness is an 
important economic and public health issue, with wide ranging implications. In view of this, mental 
health has been declared an Australian National Health Priority Area63. More focused management 
is required to reduce the impact of mental illness on individuals and the broader society. 
Understanding the unhealthy lifestyle behaviours (e.g. inactivity, sedentary behaviour) of people 
with mental illness, and how these impact health outcomes, may provide insight to intervention 
strategies for improving the physical and mental wellbeing of this group64.    
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1.2 Health implications of physical activity and sedentary behaviour  
Physical activity (PA), defined as any bodily movement caused by skeletal muscles that requires 
energy expenditure65, has well known health benefits66-68. Exercise is a subcategory of PA, and is 
defined as purposeful, structured activity that enhances or maintains physical fitness65, which is 
usually moderate-to-vigorous intensity physical activity (MVPA). To promote good health, 
Australian PA guidelines are to accumulate 150-300 minutes/week of MVPA69. PA can be 
accumulated in occupational, incidental, or leisure-time (e.g. exercise) contexts – all of which may 
be beneficial for health. Physically active individuals have a 14-33% lower risk of all-cause 
mortality than inactive individuals70-72. Physiologically, PA improves endothelial function73, 
hormone production74, and cardiac efficiency75, and reduces systemic inflammation – a known 
precursor of many chronic conditions76,77. PA lowers metabolic risk factors of obesity, 
hypertension, dyslipidaemia, and hyperglycaemia in individuals without mental illness78,79; these 
metabolic benefits of PA are similar for adults with mental illness64,80. PA is protective against 
cardiovascular disease81,82, stroke83,84, diabetes mellitus85-87, and some cancers88-90 – ailments which 
have a high prevalence in adults with mental illness. For people with these conditions, PA can assist 
in the management of disease symptoms and progression91-94. 
Exercise can also improve cardiorespiratory fitness (CRF). CRF refers to the capacity of the 
cardiovascular and respiratory systems to supply oxygen to skeletal muscles during sustained 
activity95. Higher CRF is associated with a healthier metabolic profile96, and moderates the 
mortality risk of metabolic risk factors97,98. CRF is inversely related to all-cause and cardiovascular 
mortality: each 1-MET increase in exercise capacity corresponds with a 10-25% reduction in 
mortality risk98. Higher CRF can reduce severity of depressive symptoms99,100, protect against the 
onset of depressive disorders101,102, and is associated with functional status103,104 and HRQoL105 in 
adults with severe mental illness. Longitudinal studies indicate that CRF protects against the onset 
of depressive disorders101,102,106. Adults with mental illness tend to have low CRF104,107-109, and CRF 
may begin to decline following the onset of some mental illnesses110.  
PA may also improve mood and mental health through a number of physiological pathways, such as 
endorphin production111, reduced inflammation and oxidative stress112, and alterations to stress 
reactivity (hypothalamus–pituitary–adrenal axis)113. Preliminary evidence suggests other possible 
neurobiological benefits, such as hippocampal neurogenesis in adults with mental illness114,115. 
Psychologically, the act of engaging in regular PA can improve self-efficacy116,117, self-
confidence118, self-image119, and self-esteem120, which may generalise to other aspects of life121. 
Exercise may improve wellbeing by providing distraction from negative thoughts, time-out from 
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daily stressors, exposure to outdoor green space, and social interaction in group exercise 
situations122.   
PA is negatively associated with symptoms of poor mental health98,99. Active individuals have 
lower odds of experiencing high psychological distress (OR=0.73, 95%CI=0.62-0.86)123, which 
may protect against all-cause mortality124 and improve resilience to stress-related mental 
illnesses125. There appears to be a curvilinear association with PA and psychological distress, with 
people who participate in 2.5-7.5 hours/week experiencing better mental health than those doing 
more or less (OR=1.3, 95%CI=1.1-1.75)126. PA is also positively associated with dimensions of 
wellbeing, such as evaluative and emotional wellbeing, functioning, vitality and supportive 
relationships99,127. A linear dose-response exists between PA volume and self-reported happiness: 
compared with inactive individuals, highly active individuals report the highest happiness 
(OR=1.52, 95%CI=1.28-1.80) followed by those who are sufficiently active (OR=1.29, 
95%CI=1.11-1.49) and insufficiently active (OR=1.20, 95%CI=1.03-1.39)128. PA is positively 
associated with health-related quality of life (HRQoL) in the general population129 and adults with 
mental illness130,131.  
Observational epidemiological evidence suggests an inverse relationship between PA and the 
prevalence of mental illness. Data from the 2010 World Health Survey indicate that individuals 
with low PA had higher odds of anxiety (OR=1.32, 95%CI=1.17-1.47; n>180,000 in 38 countries) 
132, and depression (OR=1.44, 95%CI=1.26-1.63; n>178,000 in 36 countries) 133 than those with 
high PA. A population-based survey in Canada attributed 20% (n~37,000) of all depressive cases to 
physical inactivity, and inactivity was a major risk factor for most mental disorders for males 
(population attributable fraction for: depression=20.4, 95%CI=6.7-33.7; any mood and anxiety 
disorder=15.9, 95%CI=5.9-25.7)134. The frequency, duration and intensity of PA may also be 
inversely related to risk of depression and anxiety135. Adults who engage in higher levels of PA 
have lower odds of having diagnosed depressive (OR=0.55, 95%CI=0.34-0.89136; OR=0.75, 
95%CI=0.6-0.94137) or anxiety disorders (panic attacks OR=0.73, 95%CI=0.56-0.96, social phobia 
OR=0.65, 95%CI=0.53-0.8, specific phobia OR=0.78, 95%CI=0.63-0.97, and agoraphobia 
OR=0.64, 95%CI0.43-0.94)137.  
PA protects against the development of mental disorders138. A longitudinal study (n~10,000, six-
year follow-up) showed that high levels of PA reduced the odds of developing depression and/or 
anxiety OR=0.81, 95%CI=0.65-1.0)139. This was supported by another longitudinal study (n~7,000, 
two-year follow-up) that found that engaging in ≥1 hours/week of exercise was protective against 
development of mood (OR=0.63, 95%CI=0.51-0.79), anxiety (OR=0.67, 95%CI=0.56-0.81) or 
substance use disorders (OR=0.78, 95%CI=0.61-0.99)140. This effect may be slightly different for 
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males and females: a longitudinal study (n~24,000, 11-year follow-up) showed that MVPA was 
associated with lower risk of developing anxiety disorder in males (relative risk=0.72, 95%CI=0.58-
0.90) but not females, however, MVPA was associated with lower anxiety symptoms in females 
(p=0.008)141. The relationship between PA and symptoms of depression and/or anxiety appears to 
be bidirectional: A longitudinal study (n~9,000, 8-year follow-up) found that regular MVPA was 
associated with reduced depression at follow-up (OR=0.71, 95%CI=0.54-0.99), and symptoms of 
depression and anxiety was associated with higher likelihood of not meeting PA guidelines 
(OR=1.79, 95%CI=1.17-2.74)142.  
PA can also improve mental health outcomes. Physically active individuals with anxiety have 
higher odds of recovering than their non-active counterparts (OR=1.58, 95%CI=1.09-2.29)140, and 
higher levels of habitual PA can improve treatment outcomes in adults with depression143. 
Conversely, low PA predicts poorer mental health outcomes: A longitudinal study (n=1275, two-
year follow-up) found that those with low PA had more persistent illness (i.e. still having a 
diagnosed mental illness at follow-up: OR=1.50, 95%CI=1.10-2.04) and more severe symptoms 
(p=0.04 for depressive symptoms, and p=0.03 for anxiety symptoms)144. PA intervention can also 
reduce symptoms of depression (SMD=0.50; 95%CI=0.06-0.93) and anxiety (SMD=0.38; 
95%CI=0.11-0.66) in non-clinical groups145, and improve psychiatric symptoms in adults with 
mental illness146-148.  
Sedentary behaviour (SB) is defined as any waking behaviour performed in the seated or reclining 
posture with energy expenditure less than 1.5 METs (MET=metabolic equivalent; 1 MET is 
equivalent to an average individual’s basal metabolic rate)149. Typical sedentary behaviours include 
watching TV, sitting at a computer, driving, and sitting at work. The chronic unloading of the 
postural muscles during sedentary time can have deleterious health consequences150,151. High SB 
has been associated with metabolic risk factors, such as large waist circumference, high blood 
pressure, low HDL cholesterol levels, and high concentrations of triglycerides, LDL cholesterols, 
and blood glucose152-155. Interestingly, some studies have shown that breaking up prolonged periods 
of sedentary time can reduce this deleterious effect156,157. A high level of prolonged SB is associated 
with increased risk of metabolic syndrome152,155,158, diabetes159,160, and all-cause and cardiovascular 
mortality159-161, conditions with high prevalence in adults with mental illness34,162. In people with 
psychosis, SB is associated poorer metabolic parameters163, and elevated inflammatory cytokines164, 
which is associated with cardiovascular disease. Research suggests that the health implications of 
SB are independent of MVPA165, indicating that both SB and PA are important health related 
behaviours. Some recent studies, however, have challenged this assertion, suggesting that PA 
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offsets the deleterious consequences of SB166. Australian public health guidelines therefore 
recommend minimising and breaking up periods of prolonged sitting69. 
SB may also be associated with poor mental health: high SB is associated with higher odds of high 
psychological distress (OR=1.29, 95%CI=1.04-1.59123; OR=1.74, 95%CI=1.07-2.83167) and 
increased risk of anxiety168 and depression (RR=1.31, 95%CI=1.16-1.48 in cross-sectional studies; 
RR=1.14, 95%CI=1.06-1.21 in longitudinal studies)169. A longitudinal study (n~9,000, 9-year 
follow-up) showed that sitting for more than 7 hours/day was associated with increased odds of 
depression in women (OR=1.47, 95%CI=1.29-1.67; compared with those who sat for ≤4 
hours/day), and this risk was compounded by inactivity (OR=2.96, 95%CI=2.37-3.69; inactive 
participants with high sitting time, compared with active participants with low sitting time)170. In 
inpatients with schizophrenia, higher SB may also be related to poorer cognitive performance171. 
PA and exercise are beneficial for health, and prolonged SB is deleterious for health. Increasing PA 
and reducing SB can have a positive impact on physical and mental health for adults with mental 
illness64. Given the poor physical and psychosocial wellbeing of adults with mental illness, PA and 
SB interventions may offer an effective modality for improving health in this group. There is a need 
to accurately measure the PA and SB patterns of adults with mental illness to justify the provision 
of such interventions, and to assess change in response to intervention.  
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1.3 Measurement of physical activity and sedentary behaviour  
Given the significant health-related implications of PA and SB for adults with mental illness, there 
is a need for feasible and valid measurement methods to monitor trends in PA and SB, and evaluate 
the efficacy of interventions. Many different PA and SB measures exist, ranging widely in 
accuracy, cost of administration, and participant burden. Subjective measures (e.g. time-use logs, 
diaries, and interviewer- or self-administered questionnaires) are most commonly used because of 
their inexpensive administration, and general acceptability172, however, recall errors and social 
desirability bias can reduce accuracy173. Objective measures (e.g. doubly labelled water, 
calorimetry, accelerometers, and pedometers) allow for unbiased measurement, however, they can 
be expensive, and time consuming with high participant burden, making them less feasible for large 
scale studies (Figure 1.1).  
 
Figure 1.1: Pictorial of the relationship between accuracy of different physical activity and 
sedentary behaviour measures, and the feasibility of their implementation 
PA and SB are commonly assessed using self-administered questionnaires because of their ease of 
use, and high participant acceptability174. PA and SB recall questionnaires may ask about the 
frequency (e.g. number of times), duration (e.g. total time spent), intensity (e.g. light, moderate 
etc.), type (e.g. walking, sports, sitting, lying down), and context/domain (e.g. transport, leisure, 
work), of behaviours performed over the recall period (e.g. previous/usual week, month etc.). The 
validity of questionnaire estimates may be dependent upon the recall period (longer period may 
increase recall difficulty), number of questions (may improve recall, or increase over-reporting), 
specific context prompts (may improve recall), and the ease of recall of some behaviours (e.g. 
structured sports may be easier to recall than unstructured sedentary behaviours). There is large 
heterogeneity among PA and SB questionnaires, and researchers employ different data management 
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procedures for questionnaire data (e.g. truncation, recoding, calculating adherence to PA 
guidelines). Despite the common use of questionnaire data management rules, no studies have 
investigated the impact or validity of these rules. Table 1.1 summarises content and data 
management procedures for some common PA and SB questionnaires.  
Accelerometers are devices that use piezoelectric, capacitive, or microelectromechanical systems 
(MEMs) to objectively measure acceleration175, and are commonly combined with other 
measurement devices, such as gyroscopes, inclinometers, and magnetometers. Accelerometers are 
increasingly used for public health research on PA and SB due to improved affordability and 
flexibility of implementation and data analysis (e.g. water-proof devices, long battery life, open-
source software, raw data access etc.). Accelerometers are less expensive, and have lower 
participant burden than doubly labelled water and calorimetry, which usually require participants to 
attend a research facility. Compared with pedometers (which measure steps), they have similar 
burden, but provide more information: data can be used to estimate the intensity of activity (e.g. 
sedentary, light, moderate, vigorous) at each minute of monitoring using validated thresholds, and 
can be used to assess patterns in free-living behaviour (e.g. bout durations, time of activity, sleep 
patterns etc.)176,177. Accelerometer data management typically involves defining an algorithm for 
identifying non-wear time (e.g. 60 minutes of consecutive zero counts), a spurious data 
management protocol (e.g. remove data classified as non-wear), and criteria for a valid day (e.g. at 
least 10 hours/day of valid data) and week (e.g. at least 4 valid days/week)178.  
Comparison between self-report and objective PA and SB data can be difficult because of the 
differences in what is being measured. For example, accelerometers can capture brief periods of 
incidental activity, whereas most PA questionnaires ask about purposeful activity (e.g. walking for 
transport). Accelerometers are unable to distinguish resistance exercise or activities for which the 
accelerometer is relatively stationary (e.g. accelerometers may underestimate cycling), and some are 
unable to be worn for water-based activities (e.g. swimming). SB questionnaires generally ask about 
sitting time, and may not be sensitive enough to detect short breaks in sedentary time, which can 
confer health benefits157. Conversely, accelerometers are blind to posture (e.g. sitting vs. 
standing)179, and common data processing techniques (e.g. the use of data cut points) can 
misclassify low intensity activity (e.g. washing dishes) as sedentary time180. Given that 
questionnaires and accelerometry are common data collection methods for PA and SB research, 
however, their correlation and concurrent validity are of interest. Studies comparing PA 
questionnaires with accelerometry in the general population have commonly found low to moderate 
correlation, and higher estimates of PA for questionnaires181. Similar validity coefficients have been 
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found for SB questionnaires and accelerometer-derived estimates of SB, with higher correlations 
found for measures using domain-specific items, than overall SB questions182. 
A few studies have compared the use of questionnaires and accelerometry with adults with mental 
illness183-185. One study with 35 outpatients with schizophrenia reported a validity coefficient of 
0.37 for the International Physical Activity Questionnaire (IPAQ), and that participants were more 
accurate at reporting the total time of activity, than the intensity183. Another study with 20 
community-based veterans with serious mental illness reported a validity coefficient of 0.40 for the 
Community Health Activities Model Program for Seniors questionnaire (CHAMPS)184. One study 
with 16 adults with schizophrenia did not find a significant correlation between accelerometer-
derived time spent in PA, and self-report indices of activity (e.g. moving index, vigorous index) 
derived from the Yale Physical Activity Scale185. This was also the only study to compare 
accelerometer-derived estimates of SB with a self-report estimate of SB (operationalised as a 
‘sitting index’); no significant correlation was found185. 
These few studies of PA and SB data collection methods with adults with mental illness, have 
focused on researcher-centred aspects, such as validity and reliability183-185. Little work has been 
done on participant-centred aspects, such as acceptability and feasibility, which are important 
ethical considerations because of the impairment in memory186,187 and cognition188-190 that is 
associated with some mental illnesses. One study found that 87.5% of 21 outpatients with 
schizophrenia were able to wear a pedometer for at least 6 out of 7 days with minimal difficulties191. 
Another study with four outpatients with schizophrenia found that adeherence to the accelerometer 
protocol was enabled when both investigator- and participant-based strategies for improving 
adherence (e.g. phoning participants; using wear-time logs) were included in the protocol192. Few 
studies have compared the use of PA and SB questionnaires with accelerometry (e.g. willingness of 
participants to engage, perceived ease or difficulty, data management rules), for adults with mental 
illness.  
Data collection methods with high participant acceptability may also lead to high adherence and 
data quality. More work is therefore needed to understand the relative utility of using questionnaires 
and accelerometers to assess PA and SB in adults with mental illness, as well as appropriate data 
management methods. 
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Table 1.1: Some common physical activity and sedentary behaviour questionnaires 
Questionnaire 
Recall 
period 
Questionnaire 
content 
Behaviour types Data management 
Physical activity questionnaires 
International Physical 
Activity Questionnaire 
(IPAQ) – short form. 
[Guidelines193] 
Previous 
week 
Frequency 
(bouts/week), 
Duration/day 
 Vigorous activity (e.g. heavy lifting, digging, 
aerobics, bicycling) 
 Moderate activity (carrying light loads, 
bicycling at a regular pace, doubles tennis) 
 Walking (for work, at home, travel, recreation, 
sport, exercise, or leisure) 
 
Truncation: Walking, moderate, vigorous 
time truncated at 4 hours/day, and 28 
hours/week. 
Recoding: Responses entered as ‘15’, ‘30’, 
‘45’, ‘60’, and ‘90’ hours/week, recoded to 
minutes/week. 
Exclusion: Walking, moderate, vigorous 
time excluded if >16hours/day. 
Minimum values: Only walking, moderate, 
vigorous time durations ≥10 minutes 
included. 
Global Physical 
Activity Questionnaire 
(GPAQ)194  
Typical 
week 
Frequency 
(days/week), 
Duration/day 
 Vigorous activity at work (carrying or lifting 
heavy loads, digging or construction work) 
 Moderate activity at work 
 Walking or cycling for transport 
 Vigorous sports, fitness or recreational 
activities 
 Moderate sports, fitness or recreational  
Activities 
Interviewer probes high responses (over 4 
hours) to verify  
Recoding: Responses entered as ‘15’, ‘30’, 
‘45’, and ‘60’ hours/week, recoded to 
minutes/week. 
Exclusion: Exclude responses of 
>16hours/day, and any implausible values 
(e.g. 8 days/week) 
Imputation: impute ‘0’ if item is left blank, 
and at least one other item is valid. 
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Questionnaire 
Recall 
period 
Questionnaire 
content 
Behaviour types Data management 
Active Australia 
questionnaire195 
Previous 
week 
Frequency 
(bouts/ week), 
Duration/week 
 Walking (for recreation, exercise, or to get to or 
from places) 
 Vigorous gardening or heavy yard work 
 Vigorous activity (e.g. jogging, cycling, 
aerobics, competitive tennis) 
 Moderate activity (e.g. gentle swimming, social 
tennis, golf) 
Total physical activity calculated as the sum 
of all items except gardening/yard work. 
Vigorous activity weighted by two when 
determining adherence to guidelines.  
Truncation: Each item truncated at 14 
hours/week, total physical activity truncated 
at 28 hours/week. 
Yale Physical Activity 
Survey (YPAS) 
Typical 
week in 
the past 
month 
Frequency 
(bouts/month 
or week), 
Duration/week 
of day. 
Participants 
respond by 
selecting one 
of eight 
categories of 
possible 
frequency 
and/or duration 
for each 
question.   
Activity types 
 Shopping, stair climbing, laundry, light/heavy 
housework, food preparation, dishwashing, 
light/heavy home repair,  
 Gardening, lawn mowing, sweeping, 
shovelling, raking 
 Caretaking (lifting, pushing wheel chair, 
carrying) 
 Brisk walking, pool exercise, stretching, yoga, 
vigorous calisthenics, aerobics, cycling, 
swimming 
 Leisurely walking, knitting, dancing, bowling, 
golf, racquet sports, billiards. 
Items scored as index: 
 Vigorous activity, Leisurely walking, Moving, 
Standing , Sitting 
Activity type Items converted to energy 
expenditure. 
Items scored as index: 
All items coded into an index by weighting 
items: vigorous activity weighted by 5; 
leisurely walking weighted by 4; moving 
weighted by 3; standing weighted by 2; and 
adjusting for season (spring, summer, fall, 
winter have weights depending on self-
reported activity in that season).  
Sedentary behaviour questionnaires 
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Questionnaire 
Recall 
period 
Questionnaire 
content 
Behaviour types Data management 
Stand Up Australia 
questions196 
Previous 
week 
Duration/week, 
breaks/hour 
 Sitting for work Daily sitting time estimated from reported 
number of work days. 
Domain-specific sitting 
time questionnaire197 
Usual 
weekday 
and 
weekend 
day 
Duration/week  Sitting whilst travelling to and from places, at 
work, watching TV, using a computer at home, 
and during leisure time), on a usual weekday and 
weekend day 
Duration/day calculated; no other standard 
data management criteria. 
International Physical 
Activity Questionnaire 
(IPAQ) short form193 
Previous 
week 
Duration/day  Sitting (for work, at home, course work, leisure 
time, visiting friends, reading, or sitting or lying 
down to watch television) 
None specified for sitting time. 
Global Physical 
Activity Questionnaire 
(GPAQ)194  
Usual 
day 
Duration/day  Sitting or reclining time (not including sleep) on 
a usual day 
Same data management rules as applied to 
PA (specified above) 
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1.4 Physical activity and sedentary behaviour in adults with mental illness 
Adults with mental illness have high prevalence of preventable physical conditions34, for which PA 
and SB are key factors that can ameliorate metabolic risk64. Understanding the PA and SB patterns 
of adults with mental illness is therefore important to assess physical health risk and the necessity of 
PA and SB intervention. Most studies of PA and SB in adults with mental illness have used self-
report methods only25,43,44,131,198-207; a summary of these studies is presented in Table 1.2. Most of 
these studies have assessed the frequency (e.g. times/week) and intensity of 
activities43,44,131,198,199,205, or have only reported ordinal categories of total activity25,200,204, but have 
not quantified duration spent in PA and SB contexts. Two of these studies recruited population 
based samples, within which adults with mental illness were identified204,208. Nine studies 
specifically recruited adults with mental illness25,43,44,131,185,198-200,205, five of which compared self-
reported estimates of PA with a non-mentally ill comparison group43,127,179,194,199.  
One of the population based studies recruited ~2000 young adults (aged 26-36 years; 9% with 
depression), and found that 24% of females (17% with depression), and 25% of males (7% with 
depression) reported no PA in the previous week208; the other study with ~37,00011 participants (2% 
with bipolar disorder, 13% with depression) found that the proportion of individuals categorised as 
active or inactive were similar across respondents with bipolar, depression, or no mental illness204. 
Studies that specifically recruited adults with mental illnesses44,131,185,200,205 had sample sizes 
ranging between 21 and 89, with non-mentally ill comparison groups ranging between 20 and 
44543,127,179,194,199. These studies generally found lower activity in the mentally ill sample: one study 
reported lower ‘MET values’ (operationalised as MET.hours/day) and higher SB in patients200, two 
studies with people with schizophrenia reported lower activity indices131,185, another found that 
participants with SMI engaged in fewer bouts of activity (33 vs. 93)44, and the other did not 
quantify PA, but reported statistically lower levels in outpatients with bipolar disorder205. Of the 
studies that did not use a comparison group, one randomly sampled 1,825 adults receiving treatment 
for a psychotic disorder, and found that about a third reported no to little activity in the previous 
week25. Studies with more modest sample sizes (n=132 to 234) reported that between a quarter and 
a third of patients with schizophrenia43,198 or heterogeneous patient group199 reported no activity.  
Only a few studies have reported on the self-reported duration of PA201-203,206,207, which is important 
for determining adherence to PA guidelines. Researchers have, however, operationalised guideline 
adherence differently. For example, one study (n=185) reported that 39% of their sample engaged 
in at least 20 episodes of PA per month199. A large Australian survey (n=1,825) of people receiving 
mental health services for a psychotic disorder reported that 3.3% of respondents were moderately 
active according to the scoring rules of the IPAQ (three or more days of vigorous activity, or five or 
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more days of at least 600 MET-min/week)25. One study assessing the psychometrics of the IPAQ-
short form questionnaire with adults with schizophrenia (n=35), reported that 26% of participants 
reported at least 150 minutes of MVPA/week. Two studies using a two-item PA recall questionnaire 
(frequency and duration of MVPA) reported that 39% and 71% of patients with schizophrenia207 
and bipolar disorder206, respectively, were meeting guidelines of 150 min/week of MVPA. A 
questionnaire study with 102 outpatients with schizophrenia found that males and females had 
similar self-reported MVPA times (5.8 and 6.4 hours/week, respectively)203, however, comparison 
with guidelines were not made. 
Duration can also be used to identify the most common contexts of PA participation. A 
questionnaire study with 21 community-based adults with mental illness reported that walking 
comprised the greatest, and leisure-time activity the lowest, proportion of MVPA201. Another 
questionnaire study with 194 outpatients with schizophrenia found low engagement in leisure time 
sports, and similar self-reported values for weekday and weekend day activities: ~12.6 hours/day in 
sedentary and light activities (e.g. driving, reading, cooking, shopping), ~1.3 hours/day in moderate 
activities, and ~0.3 hours/day in vigorous activities202. This study assessed combined sedentary and 
light activities202; however, distinguishing SB from light activity is important, given the different 
health-related implications of these behaviours161. Only one study assessed duration of self-reported 
SB, finding average sitting times of 5.1 hours/day201; this study did not assess domain-specific 
sedentary behaviours, or time spent reclining. 
Only a few studies have objectively measured PA or SB in adults with mental illness209-212; a 
summary of these studies is presented in Table 1.3. Accelerometry studies with sample sizes 
ranging from 46211 to 165210 have reported mean times spent in MVPA ranging from 14 to 42 
minutes/day209-212, and SB ranging from 9.1 to 13.5 hours/day209-211. These studies have typically 
focused on samples of adults with one specific psychiatric diagnosis, such as schizophrenia211, 
depression and/or anxiety210, and bipolar disorder209; one study was with adults across a range of 
mental health diagnoses212. Two studies also assessed bout durations of SB and MVPA, which may 
have different health-related implications to total accumulated time157,213: one found that adults with 
depression and/or anxiety accumulated 42% of SB in ≥20 minute bouts, and 43% of MVPA in ≥10 
minute bouts210; the other found that only 4% of a sample of adults with mental illnesses who had 
accumulated at least 150 minutes/week of MVPA, did so in ≥10 minute bouts212. 
Using a combination of self-report and objective measures may provide more comprehensive 
assessment of the PA and SB patterns in adults with mental illness than either method alone; 
however, few studies have done so. One study with 54 adults with schizophrenia, found a mean of 
11.2 hours/week in self-reported PA (including low intensity PA), and that the most commonly 
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reported activity was walking. This study also assessed sitting time; however, this was 
operationalised as a ‘sitting index’, which does not provide information about the duration or 
context of sedentary behaviours. Accelerometer data from 16 of these same participants indicated 
that 8.9 hours/day was spent in SB, 32 minutes/day in moderate, and 4 minutes/day in vigorous 
activity185. These studies suggest lower estimates of SB from self-report measures than 
accelerometry (5.1 vs. ≥8.9 hours/day), and higher estimates of MVPA from self-report than 
accelerometry (~1.6 hours/day vs. 42 minutes/day). Other studies using a combination of self-
report and objective measures have typically been concerned with psychometric properties of self-
report measures183,184,214, rather than the volume and context of PA and SB.  
Differences in PA and SB estimates across studies could be due to differences in samples (e.g. 
diagnoses), measures used, or data management practices (e.g. cut-points used for accelerometry). 
The two studies to assess self-reported SB only used a single item to assess sitting time201, or only 
reported the proportion of individuals whose day compose mostly of sitting or lying down 
activity200. Domain-specific sitting questions may improve recall182, and contextual information 
about SB could inform SB intervention design. Moreover, no studies have assessed reclining 
sedentary behaviours, which has been identified as a potential bias in previous studies of SB in 
adults with mental illness (due to anecdotally large amount of time spent lying down in this 
group)201. More research using self-report and objective measures is therefore needed to provide 
insight into how (e.g. prolonged bouts, frequent breaks, measured intensity, cadence etc.), and in 
what context PA and SB is accumulated in this group (e.g. walking for transport or recreation, SB 
spent watching TV, reclining etc.).  
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Table 1.2: Summary of studies that assessed PA and/or SB levels using self-report measures in adults with mental illness 
Author 
(year) 
Sample  Self-report measure  Results reported 
Vancampfort 
(2016)206 
N=65 (mean age of 
females=44yrs, males=45yrs; 
55% female) in- and out-patients 
with DSM-V diagnosis of bipolar 
disorder 
Physical Activity Vital Sign 
(average frequency and duration 
of MVPA) 
71% met guidelines of 150 min/week of MVPA. Those who 
did not meet guidelines were older, more likely to be female, 
had longer duration of illness, performed worse on the 6-
minute walk test, and had higher BMI, depression score, and 
risk of hypertension, abdominal obesity, hyperglycaemia and 
metabolic syndrome. 
Vancampfort 
(2016)207 
N=100 (mean age of 
females=38yrs, males=34yrs; 
36% female) outpatients with 
DSM-V diagnosis of 
schizophrenia  
Physical Activity Vital Sign 
(average frequency and duration 
of MVPA) 
39% met guidelines of 150 min/week of MVPA. Those who 
did not meet guidelines were older, more likely to be female, 
performed worse on the 6-minute walk test, and had higher 
risk of hypertension, abdominal obesity, and metabolic 
syndrome. 
Nyboe 
(2012)200 
N=47 (mean age=37yrs, 47% 
female) in- or out-patients with 
ICD-10 diagnosis of psychosis 
(n=19), mood disorder (n=25), 
organic mental disorder (n=3); 
compared with 28 controls (mean 
age=37yrs, 46% female) 
Physical Activity Scale 
(time spent in activities for an 
average weekday) 
Patients had significantly lower mean MET value than 
controls (32.6 vs. 43.3). The proportion of patients with 
daily activity composed of predominantly sitting/lying down 
behaviours was 32% (0% for controls) 
Morgan 
(2011)25 
N=1,825 (range18-64yrs, 58% 
aged 35-64yrs, 40% female, 
received mental health services in 
past year) with ICD-10 diagnosis 
IPAQ (short form) 
(frequency and duration of 
vigorous, moderate, walking and 
sitting activities in past 7 days) 
33.5% had little or no daily activity, and 62.9% reported low 
activity.  
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Author 
(year) 
Sample  Self-report measure  Results reported 
of psychosis (47% schizophrenia) 
Northey 
(2011)201 
N=21 (mean age=45yrs, 52% 
female, community-based) with 
DSM-IV diagnosis of 
schizophrenia, manic depressive 
disorder, bipolar disorder, 
affective, anxiety and substance 
dependence disorders, personality 
disorders, psychosis, 
schizoaffective disorder or 
depression; compared with 20 
controls (mean age=35yrs, 60% 
female) 
IPAQ (long form) 
(time spent in PA for work, 
transport, housework, caring for 
family, recreation, sport and 
leisure, and time spent sitting, in 
the past week) 
Total MET-minutes/week for domestic (~1,000 vs ~3,000), 
work (~1,000 vs. ~4,000), leisure (~600 vs. ~1,700) and total 
activity (~7,700 vs. ~2,200) were lower in mentally ill 
sample; transport, sitting and walking were similar between 
the two groups. 
Vancampfort 
(2011)131 
N=60 (mean age=38yrs, 63% 
female, inpatients); with a DSM-
IV diagnosis of schizophrenia;  
compared with 40 controls (mean 
age=41yrs, 38% female) 
Baecke Physical Activity 
Questionnaire (Likert scale of 
engagement in work, sports, and 
leisure activities over the past 12 
months) 
Schizophrenia patients had lower indices of leisure 
(averages=2.7(0.8) vs. 3.1(0.6)) and sports activity 
(averages=2.3(SD=0.7) vs. 2.9(SD=0.6)) than the non-
mentally ill group. 
McKercher 
(2009)208 
N=1,995 (age range=26-36yrs, 
mean age=31yrs, 52% female), 
9.0% of whom had a DSM-IV 
diagnosis of major depression or 
dysthymic disorder in the 
previous 12 months 
IPAQ (long form) 
(time spent in PA for work, 
transport, housework, caring for 
family, recreation, sport and 
leisure, and time spent sitting, in 
the past week) 
241 (23.5%) females, and 230 (25.3%) males reported no 
leisure activity in the previous week; 428 (41.8%) females 
reported over 2.5 hours of leisure activity, and 339 (37.3%) 
males reported more than 3 hours, in the previous week.  
In females, ≥1.25 hours/week of leisure activity was 
associated with an approximately 45% lower prevalence of 
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Author 
(year) 
Sample  Self-report measure  Results reported 
depression compared with 0 hours/week. In males, ≥3 
hours/week had a (non-significant) lower prevalence of 
depression than 0 hours/week. 
Cairney 
(2009)204 
N=36,984 (aged 15yrs or older, 
community members) with DSM-
IV diagnoses of bipolar disorder 
(n=831), or depression (n=4,713)  
Computer-assisted interview  
(frequency and typical duration 
of leisure activities and sports in 
the previous three months) 
Mean levels of energy expenditure were similar for people 
with bipolar disorder and the general population. Similar 
proportions were inactive (BD, 45%; GP, 47%), moderately 
active (BD, 29%; GP, 27%), and highly active (BD, 26%; 
GP, 26%). [BP=bipolar disorder; GP=general population] 
Lindamer 
(2008)185 
N=54 (age range=40+, mean 
age=51yrs, 41% female, 
community based) with DSM-IV 
diagnosis of schizophrenia or 
schizoaffective disorder, 
compared with 27 controls (mean 
age=52yrs, 41% female)  
Yale Physical Activity Scale  
(vigorous activity, leisurely 
walking, moving on feet, 
standing, and sitting in a typical 
week in the past month; total 
time in all activities, and indices 
of activity, derived from self-
report data) 
Total time, and derived indices for ‘vigorous’, ‘moving’, 
‘standing’ and ‘total activity’ were lower for schizophrenia 
patients than the healthy comparison group (total time for 
each group = 11.2 vs. 32.5 hours/week). 
Osborn 
(2007)44 
N=74 (age range 30-75yrs, mean 
age=47yrs, 43% female recruited 
from general practices) with 
diagnosis of schizophrenia 
(n=66), schizoaffective disorder 
(n=6) or persistent delusional 
disorder (n=2) confirmed by 
GODIN questionnaire 
(intensity and frequency of 
exercise in previous week) 
Adults with mental illness were less likely to take moderate 
or strenuous forms of exercise than healthy adults (33 vs. 93 
episodes). 
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Author 
(year) 
Sample  Self-report measure  Results reported 
psychiatrist; compared with 148 
controls (age range 30-75yrs, 
mean age=47yrs, 56% female 
recruited from general practices) 
without psychosis 
Roick 
(2007)202- 
N=194 (age range=18-79, 
outpatients) with ICD-10 
diagnosis of schizophrenia; 
compared with 2,419 gender and 
age matched controls from 
population-based sample 
German National Health 
Interview and 
Examination Survey 
(intensity, frequency and 
duration of sports and leisure 
activity, and sedentary time, on 
an average weekday and 
weekend day over the past three 
months) 
About 46.6% of patients indicated they participate in no 
leisure time sports. Mean self-reported durations on 
weekdays: 12.7 hours in sedentary and light, 1.5 hours in 
moderate, and 0.3 hours in strenuous activity. Mean self-
reported durations on weekends: 12.5 hours in sedentary and 
light, 1.2 hours in moderate, and 0.3 hours in strenuous 
activity. Patients reported lower sports, moderate, and 
strenuous activities than the general population. 
Daumit 
(2005)199 
N=185 (age range=18-65yrs, 
mean age=44yrs, 52% female, 
outpatients) with schizophrenia or 
schizoaffective disorder (50%), 
major depression (25%) or bipolar 
disorder (25%) 
NHANES questions  
(frequency and types of leisure 
time activity in the past month) 
26% reported no activity, 36% reported <20 episodes of 
activity, 39% reported ≥20 episodes of activity; 29% 
reported walking as their only activity. 
McCreadie 
(2003)203 
N=102 (mean age=45yrs, 29% 
female, outpatients) with DSM-IV 
diagnosis of schizophrenia 
Scottish Physical Activity 
Questionnaire (duration of at 
least moderate intensity 
Males and females reported spending a mean of 5.8 
hours/week (SD=5.4), and 6.4 hours/week (SD=5.2) active, 
respectively; 57% and 67% of males and females 
Chapter 1 
 
21 
Author 
(year) 
Sample  Self-report measure  Results reported 
activities in the previous week 
for leisure or work) 
“considered themselves to be physically active”. 
Davidson 
(2001)198 
N=234 (age range=18-65yrs, 42% 
female, outpatients), 79% had a 
diagnosis of psychotic 
disorder, 9% major depressive 
disorder, 4% bipolar disorder, 4% 
personality disorder, and 3% other 
disorders  
Risk Factor Prevalence Study 
questions (intensity of exercise 
in previous two weeks) 
29% reported no exercise, 62% reported walking, 19% 
reported light, and 12% reported vigorous exercise.  
Elmslie 
(2001)205 
N=89 (age range=18-65yrs, mean 
age=40yrs, 46% female, 
outpatients) with DSM-IV 
diagnosis of bipolar disorder; 
compared with 445 controls 
(mean age=40yrs, 46% female) 
Life in New Zealand Survey  
(frequency of occupational and 
leisure activities in past four 
weeks) 
Males were less likely to walk to work, run/jog, or attend 
aerobics, and females were less likely to run/jog or cycle, 
than comparison participants. 
Brown 
(1999)43 
N=102 (age range=31-75, mean 
age=53yrs, 47% female, 
outpatients and community 
dwelling) with schizophrenia 
GODIN questionnaire 
(intensity and frequency of 
exercise in previous week) 
45% and 19% of males reported episodes of light and 
moderate activity, respectively; 36% reported none.  57% 
and 15% of females reported episodes of light and moderate 
activity, respectively; 32% reported none.  
ICD-10: International Statistical Classification of Diseases 10th revision; DSM-IV: Diagnostic and Statistical Manual for Mental Disorders, 4th edition; 
NHANES: National Health and Nutrition Examination Survey; IPAQ: International Physical Activity Questionnaire; GODIN: questionnaire named 
after the author, Godin; MET: Metabolic Equivalent; MVPA: moderate-to-vigorous physical activity. 
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Table 1.3: Summary of studies that assessed PA and SB levels using objective measures in adults with mental illness 
Author 
(year) 
Sample 
Objective 
measure 
Data management Results 
Helgadottir 
(2015)210 
N=308 (age range 18-65, 
mean age=42yrs, 70% 
female, community 
dwelling) with depression 
or anxiety disorders 
(screened using MINI 
interview), and score ≥10 
on PHQ-9.  
ActiGraph 
GT3X+ worn on 
the right hip 
during day hours 
for 7 days. 
Epochs: 60 second vector magnitude. 
Non-wear: 60 minutes of consecutive 
zero counts (allowing two minutes 
above zero counts).  
Cut-points: Sedentary and MVPA 
were 100 and ≥1952 cpm, 
respectively.  
Bouts of MVPA were allowed two 
minutes of below 1952 counts. 
Wear-time criteria: ≥10 hours of valid 
data on ≥ four days, including ≥ one 
weekend day. 
Adherence: 54% (n=165). 
Accelerometer: 9.1 hours/day was sedentary 
(64% of weartime), 42% of which was in 
≥20 minute bouts; 42 minutes/day was 
MVPA time (5% weartime), 43% was in 
≥10 minute bouts. 
Janney 
(2014)209 
N=63 (mean age=45yrs, 
65% female, outpatients) 
with DSM-IV diagnosis 
of bipolar disorder, 
compared with age, 
gender and BMI matched 
samples of NHANES 
users and non-users of 
mental health services. 
ActiGraph AM-
7164 worn on 
non-dominant 
hip for 7 days. 
Epochs: 60 second uniaxial. 
Non-wear: 60 minutes of consecutive 
zero counts.  
Cut-points: Sedentary and MVPA 
were 100 and ≥1952 counts.  
Wear-time criteria: ≥10 hours of valid 
data on ≥ three days 
Adherence: 95% (n=60). 
Accelerometer: 13.5 hours/day was 
sedentary (78% of weartime), and 14 
minutes/day was MVPA (1.4% weartime). 
Participants with bipolar disorder had higher 
sedentary behavior and lower MVPA than 
NHANES samples. 
Janney 
(2013)211 
N=55 (BMI>27, 
outpatients) with DSM-IV 
ActiGraph AM-
7164 worn on 
Epochs: 60 second uniaxial. 
Non-wear: 60 minutes of consecutive 
Adherence: 84% (n=46). 
Accelerometer: 12.6 hours/day was 
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diagnosis of 
schizophrenia or 
schizoaffective disorder 
the right hip 
during waking 
hours for 7 days. 
zero counts.  
Cut-points: Sedentary and MVPA 
were 100 and ≥1952 counts.  
Wear-time criteria: ≥10 hours of valid 
data on ≥ three days 
sedentary (81% of weartime), and ~30 
minutes/day was MVPA time (~2% of 
weartime). 
Jerome 
(2009)212 
N=66 (mean age=44yrs, 
BMI>25, 51% female) 
with mental illness 
diagnosed by chart review 
(58% schizophrenia, 23% 
bipolar disorder, 18% 
depression) 
RT3 
accelerometer 
worn on the 
right hip during 
waking hours 
for four days 
including a 
weekend day. 
Epochs: 60 second vector magnitude. 
Non-wear: Not used. 
Cut-points: MVPA ≥1317 counts.  
Bouts of MVPA ≥10 minutes in 
duration were assessed. 
Wear-time criteria: ≥10 hours of valid 
data on ≥ four days, including ≥ one 
weekend day. 
Adherence:83% (n=55) 
Accelerometer: Participants engaged in a 
mean of 120 min/week of MVPA, however, 
only 25 min/week was in ≥10 minute bouts. 
35% accumulated at least 150 min/week of 
MVPA; however, only 4% of these were in 
≥10 minute bouts. Sedentary behavior not 
reported.  
Lindamer 
(2008)185 
N=54 (age range=40+yrs, 
mean age=51yrs, 41% 
female, community-
dwelling) with DSM-IV 
diagnosis of 
schizophrenia or 
schizoaffective disorder, 
compared with 27 
controls (mean 
age=52yrs, 41% female).  
ActiGraph AM-
7164 worn on 
right hip during 
waking hours 
for 7 days.  
 
Epochs: 60 second uniaxial. 
Non-wear: 60 minute periods were 
invalidated if they contained ≥30 
minutes of consecutive zero counts. 
Cut-points: Sedentary and MVPA 
were 100 and ≥1952 counts.  
Wear-time criteria: ≥10 hours of valid 
data on ≥ three days 
Analytic sample: Data from 16 participants 
with schizophrenia and 6 healthy 
participants analysed. 
Accelerometer: Participants with 
schizophrenia engaged in: 8.9 hours/day, 4.0 
hours/day, 32 min/day, and 4 min/day; 
healthy participants engaged in: 8.2 
hours/day, 5.4 hours/day, 31.6 min/day and 
5.4 min/day, of sedentary behavior, light, 
moderate and vigorous activity, respectively. 
Participants with schizophrenia had lower 
light activity than the comparison group. 
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DSM-IV: Diagnostic and Statistical Manual for Mental Disorders, 4th edition; MINI: Mini International Neuropsychiatric Interview; PANSS: Positive 
and Negative Syndrome Scale; BMI: Body Mass Index; MVPA: Moderate-to-Vigorous Physical Activity; NHANES: National Health and Nutrition 
Examination Survey; MVPA: moderate-to-vigorous physical activity; cpm: counts per minute; 
McKercher 
(2009)208 
N=1,995 (age range=26-
36yrs, mean age=31yrs, 
52% female), 9.0% of 
whom had a DSM-IV 
diagnosis of major 
depression or dysthymic 
disorder in the previous 
12 months 
Pedometers 
worn for 7 days, 
and a diary 
completed each 
day.  
Data valid if daily wear time was at 
least 8 hours and at least 4 days of data 
was provided. 
Adherence: 84% (n=1,681) provided valid 
data, 8.9% of whom had depression (n=149) 
Pedometer: 58 (22% with depression) 
females and 63 (5% with depression) males 
had less than 5000 steps/day; 275 (14% with 
depression) females, and 264 (10% with 
depression) males had over 10,000 
steps/day.  
In females, ≥7500 steps/day was associated 
with 50% lower prevalence of depression 
compared with <5000 steps/day. In males, 
those recording ≥12,500 steps/day had a 
(non-significant) 50% lower prevalence of 
depression compared with <5000 steps/day.  
Chapter 1 
 
25 
1.5 Physical activity attitudes and preferences of adults with mental illness 
Given the potential for PA to positively influence health and wellbeing, and low rates of PA 
participation, more work is needed to develop appealing PA interventions for adults with mental 
illness. Adults with mental illness may have specific attitudes toward PA which could influence 
adoption, adherence, and maintenance of an active lifestyle215. Reviews of correlates of PA in adults 
with mental illness have identified that low PA is associated with: Lower self-efficacy and the 
presence of medical comorbidities216-218; social isolation216,217,219; symptomatology (depressive 
symptoms in people with depression218, negative symptoms in people with schizophrenia217, 
hyperarousal in people with PTSD220, alcohol abuse in people with alcohol use disorders221), and 
other health and demographic characteristics (e.g. BMI, lower education, side-effects of 
antipsychotic medication, unhealthy lifestyle habits)216-219. PA correlates can be used to identify 
potential mechanisms of change, and to design interventions. Similarly, understanding the PA 
preferences and attitudes of adults with mental illness may inform the style, content and delivery of 
interventions for this group, to improve satisfaction and acceptability.  
There have been numerous studies on the PA attitudes and opinions of adults with mental illness. 
The majority of these studies have been qualitative, consisting of focus groups or interviews222-238. 
Some studies have used questionnaires239-243, and there are a few published reviews215,244-246. Most 
of these studies had a sample size of 34 or less222-238,241; larger studies had sample sizes ranging 
between 52 and 138239,240,242,243. Common constructs on which these studies have reported, include: 
social support, attitudes (e.g. desire to do activity, motivation to change, perceived benefits of PA), 
barriers, enablers (e.g. favourable PA program attributes), preferences (PA type, context, sources of 
support), and motivators215,244,245.   
Adults with mental illness generally enjoy PA, believe in its benefits, and have a desire to be more 
active243.  When included as a part of mental health treatment, patients regard PA as a valuable 
therapeutic component, and express a desire to continue exercising224,241. Perceived benefits of PA 
include improved sleep, feelings of accomplishment, relaxation and lower stress levels, higher 
energy levels, improved self-confidence and self-esteem, and daily structure225,228,230,234. Commonly 
reported motivators include weight management, social interaction, and the potential to improve 
energy levels225,230. Those who participate in exercise programs identify a socially inclusive 
environment222,223, low cost with transport provided222, social support227,229 or incorporating a 
“buddy” system234,244, sessions in small groups with a friendly instructor230,247, and tailoring to 
individual preferences and ability228,236, as enablers to participation. Reports of helpful personal 
strategies for engaging in activity include, positive self-talk, avoiding too many activities in the day 
to prevent stress, and walking alone while listening to music229. Commonly reported barriers 
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include mental illness symptoms, medication side effects (e.g. sedation, weight gain), low self-
confidence, self-efficacy, and motivation227-229,231,239,243,244. Compared with a general population 
sample, a higher proportion of adults with mental illness identified barriers of tiredness, illness, 
weather, fear of getting injured, not knowing what to do, and a lack of desire to do PA240.  
Few studies have investigated detailed PA context preferences among adults with mental illness. A 
UK survey study conducted by Ussher et al, found that equal numbers of respondents preferred 
individual and group activities243. An Italian study used a modified version of the survey used by 
Ussher et al243, for a group of 138 adults with mental illness, and a matched healthy comparison 
group240. They found that patients and healthy participants had similar preferences for PA type and 
sources of support: most respondents preferred walking, group-based activities, and assistance of an 
exercise instructor, or advice from a doctor240. These studies did not assess other context 
preferences, e.g. outdoors vs indoors, done with people of the same sex or not etc. A population-
based study in Australia that did explore more detailed context preferences, found that 
psychologically distressed individuals were more likely than those without distress to prefer 
supervised activities, activities done with people of the same sex, and activities done at a fixed time 
with scheduled sessions248. One other Australian study assessed detailed context preferences in 
inpatient adults with mental illness, and found that patients preferred activity that can be done 
alone, at a fixed time, and with a set routine and format249. However, these studies did not target 
community-based adults with mental illness.  
Few studies have investigated attitudes of adults with mental illness toward specific sources of 
support for PA. Two studies using similar surveys reported that most respondents agreed that they 
would exercise more if they could talk with an exercise instructor, or be advised by their doctor, but 
thought they would receive little help for PA from family or friends240,243. Qualitative studies have 
found that participants identify acknowledgement of progress, monitoring of attendance, and 
building rapport with humour and honesty, as effective exercise facilitator styles228,230,234. No 
studies have investigated the attitudes toward personal training (PT). PT may offer a readily 
available, non-clinical, and acceptable form of exercise support for adults with mental illness.  
No studies have assessed differences in PA attitudes, barriers, or preferences by psychological 
distress. Adults with severe and persistent mental illnesses are at greater risk of adverse long-term 
health outcomes27, and may be more difficult to engage in healthy lifestyle intervention. Identifying 
PA preferences, attitudes and barriers that are associated with psychological distress may inform the 
design of PA intervention for this high risk group.  
Chapter 1 
 
27 
 
1.6 Supervised exercise intervention studies with adults with mental illness 
Meta-analyses indicate that supervised exercise interventions can reduce the symptoms of 
depression, anxiety, and psychotic disorders. For people with major depressive disorder, exercise 
can impart a moderate to large reduction in depression compared with no treatment, with effect 
sizes ranging from 0.4 to 1.4250-258. The antidepressant effect of exercise is larger for people with a 
clinical diagnosis of major depression than for those without (SMD=1.14, 95%CI=0.46-1.81, 
p<0.001)251, (ES=1.03 vs 0.59, p<0.05)250. Exercise is as effective as usual treatments for 
depression, such as psychological therapies and medication250,253,257, and when combined with usual 
treatment, exercise can impart additional small but significant reductions in depression (SMD=0.44, 
95%CI=0.09-0.79)257. Exercise can also improve quality of life (SMD=0.39, 95%CI=0.47-0.74, 
p=0.002)259, and cardiorespiratory fitness (CRF) in adults with major depression (g=0.41, 
95%CI=0.18-0.64, p<0.001)260. Baseline depressive symptoms predict lower improvements in CRF 
in adults with depression260, however, this influence may be mediated by lower attendance261. There 
is insufficient evidence to assess the optimal exercise parameters (e.g. intensity, frequency, 
duration) for improving CRF in this group260. 
The exercise type (e.g. aerobic or resistance training) intervention parameters (e.g. duration, 
exercise frequency and volume, bout length) and program characteristics (e.g. supervision) can 
influence efficacy and feasibility (e.g. dropout/completion rates). Aerobic exercise of moderate to 
vigorous intensity is associated with greater reductions in depression than exercise of lower 
intensities251. Only a few studies of resistance exercise have been done with people with clinical 
depression, but these indicate positive effects250,251,258. Across aerobic and resistance exercise types, 
the largest reductions in depression are found for exercise programs of at least 10 weeks in duration, 
with session frequency 3-5 times/week258, and exercise bouts 45-60 minutes in duration250. One 
dose-response study found that an exercise dose consistent with public health recommendations 
(17.5 kcal/kg/week defined by the American College of Sports Medicine262) is more efficacious for 
reducing depression than a lower dose (7 kcal/kg/week)263. Supervision provided by an exercise 
professional is also associated with greater reductions in depression than unsupervised programs251. 
Exercise intervention studies with people with depression have a dropout of about 18% 
(95%CI=15–22%), with higher baseline depressive symptoms predicting greater dropout, and 
supervision by physiotherapists or exercise physiologists predicting lower dropout than other 
supervisors261. 
Exercise has a lesser effect on symptoms of anxiety than depression264. Anxiety disorders 
encompass several specific diagnoses (e.g. panic disorder, generalised anxiety, phobia etc.) that 
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have distinct presentations, but share common anxiety symptoms (e.g. fear, apprehension, 
irritability). There’s mixed evidence for the use of exercise for anxiety management in adults with 
anxiety disorders, primarily due to the significant heterogeneity between trials265; however, studies 
comparing exercise to no-treatment controls consistently demonstrate a significant anxiolytic 
effect264,265. Effect sizes range from 0.22-0.56264,266, and this effect may be greater for people with 
diagnosed anxiety disorders than people with non-clinical levels of symptoms (Hedge’s g=0.52, 
95%CI=0.17-0.87 vs g=0.4, 95%CI=0.32-0.47)267. Exercise may have similar or slightly lower 
efficacy than medication for some anxiety disorders264 (compared with medication ES=-0.11, 
confidence intervals not stated267), and exercise can improve outcomes when combined with 
conventional treatments, such as medication, occupational therapy and cognitive behavioural 
therapy268.   
Both aerobic and non-aerobic exercise (e.g. resistance training) have similar anxiolytic benefits268; 
there is insufficient evidence to evaluate the optimal intensity of exercise for reducing anxiety268. 
The largest anxiolytic effects have been found for 12-week programs, with session frequency 3-5 
times/week, and exercise bouts 40-90 minutes in duration264. The optimal dose of exercise for the 
alleviation of anxiety (in both clinical and non-clinical groups) appears to be slightly less than PA 
guidelines (12.5 kcal/kg/week)267. 
The symptoms of psychotic disorders, such as schizophrenia, can be characterised as ‘positive’ (e.g. 
delusions, hallucinations, mania) and ‘negative’ (e.g. affective flattening, avolition, alogia). Meta-
analyses indicate that moderate-to-vigorous exercise can improve total symptom severity compared 
with passive controls (SMD=0.72, 95%CI=0.29-1.14269; g=0.75, p<0.001270); however, mixed 
results have been found271. Exercise may be more efficacious for improving negative symptoms 
than positive symptoms (SMD=0.54, 95%CI=0.13-0.95 vs SMD=0.44, 95%CI=0.09-0.78269; 
g=0.49, p<0.001 vs g=0.32, p<0.01270). Exercise can also improve global cognition in adults with 
schizophrenia (g=0.33, 95%CI=0.13–0.53, p=0.001)272, and may have neurobiological benefits, 
such as improved hippocampal and grey matter volume, and neurotrophin serum levels273. Exercise 
can also improve CRF in adults with schizophrenia (g=0.43, 95% CI=0.05-0.82, p=0.02)274. 
Yoga and aerobic exercise (with or without combined resistance training) can improve symptom 
severity270,275, and no studies have compared aerobic with resistance exercise269. A recent meta-
analysis suggests that total weekly exercise duration may be positively associated with cognitive 
benefits272; however, there is insufficient evidence to assess the optimal duration, dose or frequency 
of exercise for adults with schizophrenia. Supervision provided by an exercise professional is 
associated with greater cognitive benefits in adults with schizophrenia than supervision provided by 
mental health professionals272. Exercise intervention studies with people with schizophrenia have 
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dropout of about 27% (95%CI=20%–35%), with higher intensity, and supervision provided by 
qualified exercise professionals (rather than uncertified instructors), predicting lower dropout276.   
Few studies have investigated exercise interventions for heterogeneous patient groups with mental 
illness. In those that have, improvements in self-esteem quality of life, depression and distress have 
been reported277-281. One meta-analysis pooled results from exercise intervention studies with 
homogenous patient groups, effectively generating a pooled effect size for a sample of adults across 
a range of diagnoses282. This study reported significant reductions in depression (SMD=0.8; 
95%CI=0.47-1.13), and improved quality of life (SMD=0.64; 95%CI=0.35-0.92)282. When 
considering physical health, supervised exercise intervention can improve physical capacity 
(SMD=0.63; 95%CI=0.05–1.21), and metabolic indicators of health, such as waist circumference 
(SMD=0.24; 95%CI=0.06-0.41)282.   
Exercise intervention studies for adults with mental illness have typically focused on aerobic 
exercise. Preliminary evidence suggests that higher intensity exercise may have greater mental 
health benefits than lower intensity exercise251. High-intensity interval training (HIIT) is emerging 
as an efficacious exercise treatment for improving physical health in people with cardiovascular and 
metabolic conditions283,284. HIIT can lead to greater improvements in CRF than MICT in healthy 
individuals and patients with cardiometabolic conditions284,285, and is more effective than MICT at 
improving known risk factors for cardiometabolic conditions, such as insulin sensitivity, total and 
low-density lipoproteins, and endothelial function286-289. Given the propensity for adults with mental 
illness to develop cardiometabolic risk factors, there is a need to evaluate the utility of HIIT in this 
group.  
HIIT may also be beneficial for mental health: studies with clinical groups with physical conditions 
(e.g. cardiac patients) have reported greater, or similar, improvements in quality of life for HIIT 
compared with MICT290-294, as well as similar reductions in symptoms of depression and anxiety295. 
Few studies have assessed HIIT for adults with mental illness; an overview of these studies is 
provided in Table 1.4. Two controlled trials with inpatients with schizophrenia296, or substance use 
disorder297, reported that 8-weeks of HIIT for three sessions/week, using a 4x4 minute interval 
protocol, significantly improved fitness, but not mental illness symptoms. One study on the acute 
effects of HIIT, reported that adults with depression or schizophrenia experienced improved mental 
health for up to 3-hours after a single session of 4x4 minute intervals298. These studies used 
conventional aerobic equipment (e.g. treadmill) to achieve the desired heart rate training ranges. 
One pre/post study with outpatients with schizophrenia used “body weight exercises” to achieve 
age-predicted heart rate ranges over eight weeks for three sessions/week, using a 4x3.75-minute 
circuit protocol299. That study discontinued participants who did not meet prescribed training 
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intensities, and found that the program significantly improved depression, anxiety, and negative 
symptoms of schizophrenia299. Another pre/post study used a 14-week HIIT protocol with 10x20-
sec intervals and 90-sec recovery periods with patients with first episode psychosis; global 
functioning and severity, and social/occupational functioning remained similar, but waist 
circumference and VO2max significantly improved300.   
Preliminary evidence suggests that HIIT is a feasible exercise protocol for adults with mental 
illness. Mean attendance rates have ranged from 68%-92%, and attrition has ranged from 10%-
36%296,297,299,300. Common reasons for withdrawal have been due to pain or physical discomfort 
from the exercise296,300, and lacking motivation300, however, no studies have compared the 
feasibility of HIIT and MICT. From a patient perspective, HIIT may be more appealing than MICT, 
because a similar health benefit can be achieved in a shorter time period. Additionally, the short 
bursts of activity involved in HIIT may be more enjoyable than traditional endurance training301. 
Conversely, some patients may find the higher intensity exercise uncomfortable302. HIIT has been 
rated as more enjoyable than MICT in cardiometabolic patients284, however, no studies have 
compared the acceptability of HIIT and MICT for adults with mental illness. Previous studies of 
HIIT with adults with mental illness have focused on specific psychiatric diagnostic groups (e.g. 
depression, psychoses). Comparing the feasibility and acceptability of HIIT and MICT for adults 
across a range of diagnoses may guide the implementation of exercise programs in mental health 
services and community settings, where patient groups are likely to be diverse.  
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Table 1.4: Summary of high-intensity interval training studies with adults with mental illness 
Reference Participants Study conditions N 
Exercise 
type 
Exercise 
parameters 
Mean 
attendance 
Study 
Attrition 
Reasons for 
withdrawal Outcomes 
Heggelund 
(2011)296  
Inpatients with 
schizophrenia, 
schizotypal and 
delusional 
disorders (ICD-
10). Mean age 
34yrs; 
female=32% 
Non-
randomised  
trial of HIIT vs. 
computer games 
(CG) 
HIIT=16; 
CG=9 
Walking or 
running on 
a treadmill 
(context not 
stated, 
supervised 
by exercise 
physiologis
t) 
HIIT=8 weeks, 
3 sessions/week, 
4x4-min 
intervals at 85-
95% of MHR, 
with 3-min 
recovery periods 
at 70% MHR 
HIIT=85% 
(SD=9%)  
CG=83% 
(SD=6%) 
 
HIIT=25
% (n=4); 
CG=22% 
(n=2) 
 
Discharged 
from the hospital 
(1xHIIT, 1xCG); 
ankle pain (1xHIIT); 
unexplained (1xCG); 
excluded due to 
<80% completion 
(2xHIIT) 
HIIT group improved 
VO2max by 12% 
(p<0.001); No significant 
changes observed 
between/within groups in 
PANSS, Calgary 
Depression Scale for 
Schizophrenia (CDSS) 
and 36-item Short Form 
(SF-36) 
Abdel-Baki 
(2013)300 
Patients aged 18-
35yrs with 
psychotic disorder 
(DSM-IV). Mean 
age=26yrs; 100% 
males 
Pre/post trial of 
HIIT  
HIIT=25 
Running on 
a treadmill 
(communit
y gym; 
supervised 
by 
kinesiology 
students) 
14 weeks, 2 
sessions/week, 
10x30-s 
intervals at 80-
95% MHR, with 
90-s recovery 
periods at 50-
75% MHR 
68.5% 
(SD=32%) 
36% 
(n=9) 
Physical discomfort 
(n=3), lack of 
motivation (n=4), 
preference for 
resistance training 
(n=2) and feeling 
that the exercise was 
too demanding 
(n=2). 
VO2max estimated from 
a treadmill walking test 
increased by 38% 
(ES=1.2; p<0.001) Scores 
remained similar (p>0.5) 
for Global Assessment of 
Functioning (GAF) 
Social and Occupational 
Functioning Assessment 
Scale (SOFS), and 
Clinical Global 
Impression of Severity 
Subscale (CGI-S) 
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Reference Participants Study conditions N 
Exercise 
type 
Exercise 
parameters 
Mean 
attendance 
Study 
Attrition 
Reasons for 
withdrawal Outcomes 
Heggelund 
(2014)298 
In- and out-
patients with: i) 
schizophrenia, 
schizotypal, or 
delusional 
disorders 
(ICD10); ii) 
bipolar 
depression, with 
depressive 
episode or 
recurrent 
depression, and  
dysthymia 
(ICD10); iii) 
Healthy controls 
Non-
randomised trial 
of the acute 
effect of HIIT 
for people with 
i) depression, 
and ii) 
schizophrenia; 
compared with 
healthy controls 
Depressio
n=13; 
Schizophr
enia 
n=20; 
Controls 
n=20 
Walking or 
running on 
a treadmill 
(context not 
stated, 
supervised 
by exercise 
physiologis
t) 
HIIT=One 
session of 4×4-
min intervals at 
85–95% of 
HRmax, with 3-
min recovery 
periods at 70% 
of HRmax. 
100% 
(single 
session) 
0% 
(single 
session) 
NA 
All groups improved in 
positive affect and well-
being 15min after HIIT 
(p<0.01); Only patients 
with depression 
maintained the effect 
after 3h (p<0.05). Patients 
with depression or 
schizophrenia had 
reduced distress and state 
anxiety after HIIT that 
was maintained for 3 hrs  
 
Flemmen 
(2014)297 
Inpatients with 
substance use 
disorder (ICD-
10). Mean 
age=32yrs; 
female=29% 
Randomised 
trial of HIIT + 
usual care (UC) 
vs. + UC. (UC 
included 
activities <70% 
HRmax: ball-
games, yoga, 
stretching,  
HIIT=12; 
UC=12 
Walking or 
running on 
a treadmill 
(context 
and 
supervision 
not stated) 
HIIT=8 weeks, 
3 sessions/week, 
4×4-min 
intervals at 90–
95% HRmax, 
with 3-min 
recovery periods 
at 70% HRmax. 
HIIT=92% 
(SD=4%) 
HIIT=25
% (n=3); 
UC=42% 
(n=5) 
Withdrew from study 
due to personal 
reasons (2xHIIT), 
withdrew from the 
service (1xHIIT, 
5xUC). No 
discomfort was 
reported “other than 
the normal strain 
VO2max improved by 
15±7% in the HIIT group 
(within and between 
group difference p<0.01); 
Depression improved in 
HIIT group (p<0.05), 
anxiety improved in UC 
group (p<0.05), no 
between-group 
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Reference Participants Study conditions N 
Exercise 
type 
Exercise 
parameters 
Mean 
attendance 
Study 
Attrition 
Reasons for 
withdrawal Outcomes 
walking, 
resistance 
training, 
ceramics, TV, 
card games) 
following high 
intensity exercise” 
differences in mental 
health outcomes 
Wu 
(2015)299 
Outpatients with 
schizophrenia 
(DSM-V). Mean 
age=38yrs; 
female=55% 
Pre/post trial of 
HIIT 
20 
Body 
weight 
exercises 
(context 
and 
supervision 
not stated) 
8 weeks, 3 
sessions/week, 
15 minutes of 
HIIT at ≥95% of 
age-predicted 
MHR; 4x3.75-
min circuits  
Not stated 
10% 
(n=2) 
Discontinued from 
the study for not 
reaching the correct 
HR ranges 
PANSS scores 
decreased significantly: 
Total score 
(p<0.001), Negative 
Scale score (p<0.001), 
and General 
Psychopathology Scale 
score (p=0.001). Beck 
Depression Inventory and 
Beck Anxiety Inventory 
scores decreased 
significantly (p<0.001 
and p<0.003). VO2max 
not measured; resting 
heart rate improved 
(p=0.02) 
HIIT: High-intensity interval training; ICD-10: International Statistical Classification of Diseases 10th revision; DSM-IV: Diagnostic and Statistical 
Manual for Mental Disorders, 4th edition; VO2max: maximal oxygen uptake; ES: Effect size; NA: not applicable; HR: heart rate; MHR: Maximum 
heart rate; SD: standard deviation; PANSS: Positive and Negative Syndrome Scale.  
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1.7 Summary 
Mental disorders are highly prevalent, and are the leading cause of the global non-fatal disease 
burden. Symptomatology (e.g. depressed mood, sleep disturbance, psychoses, addiction), and 
cognitive deficits that are commonly associated with chronic mental illness, are arguably the main 
causes of disability in people with mental disorders. Psychiatric medications can also have disabling 
side-effects, such as sedation, cognitive impairments, and emotional flattening, which can reduce 
functionality, and capacity for independent living. Other psychosocial factors, such as social 
isolation, stigma, and low self-esteem, self-confidence and self-efficacy, may all further marginalise 
adults with mental illness, and contribute to social disengagement.  
Adults with mental illness also suffer significant physical health disadvantage compared with the 
general population. Adults with mental illness are at increased risk of chronic physical conditions, 
such as cardiovascular disease and diabetes, and are more likely to die due to poor management of 
these conditions. The life expectancy gap between the general population and adults with mental 
illness is between 10 and 20 years, and evidence suggests that this mortality gap has increased in 
recent decades. Adults with mental illness are more likely to smoke, have poor nutritional intake, 
and to be physically inactive. These modifiable lifestyle behaviours are significant contributors to 
the development of chronic physical conditions seen in this group. The poor physical and mental 
health of adults with mental illness is a humanitarian crisis, with broad societal and economic 
implications. Urgent intervention is needed to address this health disparity.  
National PA guidelines are to participate in 150-300 minutes of MVPA per week, for optimal health 
benefits. Being physically active is associated with improved quality of life and psychosocial 
wellbeing, increased longevity, and protects against the development of preventable chronic 
physical conditions commonly seen in adults with mental illness. Evidence suggests that adults with 
mental illness believe in the benefits of PA, and have a desire to be more active, however, a low 
proportion actually participate in recommended levels. Low PA participation in this group is 
associated with social isolation, the presence of medical comorbidities, and low education, self-
efficacy and income. Supervised PA intervention programs can improve physical and mental health 
in adults with mental illness. The PA preferences, attitudes, barriers, and enablers of adults with 
mental illness should be considered in the design and implementation of such interventions, to 
ensure appropriate engagement with this group, and to improve uptake and maintenance of this 
important health behaviour.  
In view of the poor health of adults with mental illness, and the benefit of PA and SB, more work is 
needed to increase PA and reduce SB in this group. Little work has been done to assess the utility of 
PA and SB data collection methods, or the appropriateness of questionnaire and accelerometer data 
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management rules for adults with mental illness. These considerations are important for responsible 
and ethical research conduct and to maintain data integrity for the measurement of PA and SB 
prevalence, and evaluation of PA and SB interventions. Few studies have assessed PA and SB using 
both self-report and objective methods, which is important to assess how and in what context PA 
and SB are accumulated to inform intervention planning. There is also a need to understand the PA 
preferences, motivators, barriers and attitudes of adults with mental illness to design and implement 
targeted PA interventions. High-intensity interval training can be effective at improving physical 
health, however, no studies have assessed the feasibility and acceptability in adults with mental 
illness. Therefore, the aim of this PhD program was to measure, understand, and positively 
influence the PA patterns in non-institutionalised adults with mental illness. Specific objectives 
were to assess, for adults with mental illness: 
1. The utility of questionnaires and accelerometers for measuring PA and SB. 
2. Data management procedures for questionnaire and accelerometer data. 
3. The levels of PA and SB.  
4. PA preferences, motivators, barriers and attitudes. 
5. The utility of two different kinds of exercise training.  
These objectives were addressed in two research studies from which four papers have been 
published, and one is in preparation. Study 1 was a cross-sectional study designed to address 
objectives 1, 2 3, and 4. Participants were adult clients of mental health services. Participants 
completed self-administered questionnaires on time spent in PA and SB in different contexts, and 
wore an ActiGraph GT3x+ accelerometer on the hip for 7-days. Questionnaire and accelerometer 
data were examined to investigate common data management procedures. Participants also rated the 
ease/difficulty of completing the questionnaires and accelerometry, and completed self-
administered questionnaires on PA attitudes and preferences. 
Study 2 was a randomised controlled trial to address the fifth objective. Participants were adults 
who self-identified as having a mental illness. Participants were randomised to either moderate-
intensity continuous training, or high-intensity interval training. Both groups completed 12-weeks 
of supervised aerobic exercise with sessions three times per week. The impact of these exercise 
approaches on CRF and mental health was examined. Participants also completed a questionnaire 
about the acceptability of the exercise programs.  
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2 The feasibility and acceptability of questionnaires and accelerometry for measuring 
physical activity and sedentary behaviour in adults with mental illness 
Overview 
Validity and compliance with monitoring protocols are researcher-centred indicators of the utility of 
research measures. Participant-centred indicators, such as participant burden and acceptability, are 
important considerations for conducting research with adults with mental illness. Research 
measures with high participant burden, or that participants find difficult to complete, may affect 
feasibility (e.g. recruitment) and subsequent data quality (e.g. due to low adherence). Data and 
analyses concerning the feasibility and acceptability of questionnaires and accelerometers for 
measuring PA and SB in adults with mental illness are presented in Chapter 2. This chapter 
addresses the first PhD objective: To assess the utility of questionnaires and accelerometers for 
measuring PA and SB in adults with mental illness. 
 
Chapter 2 has been accepted for publication in the Journal of Mental Health. The citation is: 
Chapman, J.J., Fraser, S.J., Brown, W.J., & Burton, N.W. (2015). The feasibility and 
acceptability of questionnaires and accelerometry for measuring physical activity and sedentary 
behaviour in adults with mental illness. Journal of Mental Health. 24(5):299-304, doi: 
10.3109/09638237.2015.1057321  
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2.1 Abstract 
Background: Adults with mental illness may have difficulties with data collection methods such as 
questionnaires and accelerometry. Aims: To assess the utility of questionnaires and accelerometry 
for assessing physical activity (PA) and sedentary behaviour (SB) in non-institutionalised adults 
with mental illness. Methods: Participants were recruited from outpatient clinics and community 
organisations. Participants completed PA and SB questionnaires, wore accelerometers for 7-days, 
and rated the ease/difficulty of completing study components. Recruitment numbers, adherence, and 
ease/difficulty ratings were examined. Ease/difficulty ratings were compared between study 
components, and between participants by distress level. Results: 142 participants completed the 
questionnaires; they found it easier to report PA than reclining time (p=.017), and reclining time 
than sitting time (p<0.001). Participants with high distress found it more difficult to report sitting 
time and PA than participants with low distress (p<.017). Ninety-nine participants (70%) completed 
the accelerometry; the majority (88%) met the minimum wear-time criteria. They found it easier to 
wear the monitor during the day than while sleeping (p<0.001), and easier to complete 
accelerometry than questionnaires (p<.001). Conclusions: Accelerometry was more feasible for 
assessing SB than questionnaires. Questionnaires were feasible for assessing PA, but less acceptable 
for people experiencing high distress.  
2.2 Introduction 
Given the high morbidity and mortality of adults with mental illness22,60, it is important to 
understand the health-related behaviours in this group, such as physical activity (PA) and sedentary 
behaviour (SB). PA and SB are commonly assessed using questionnaires, due to ease of use and 
inexpensive administration. These measures are, however, prone to reporting errors such as recall 
and social desirability bias. Objective methods, such as accelerometers, allow for unbiased 
measurement, and may have less participant burden than questionnaires. Objective measurement is, 
however, more expensive and time-consuming, and poor adherence (e.g. from discomfort or 
forgetting to wear the monitor) may compromise feasibility. Issues of participant burden, recall, and 
adherence may be particularly relevant for adults with mental illness, due to impairment of 
memory186,187, and cognition188-190.  
Previous studies of PA and SB data collection methods for adults with mental illness have focused 
on researcher-centred aspects, such as validity and reliability183,184,214,303. Little work has been done 
on participant-centred aspects. One study found that 87.5% of 21 outpatients with schizophrenia 
were able to wear a pedometer for at least 6 out of 7 days with minimal difficulties191. We are not 
aware of studies that have assessed other PA and SB data collection methods for this group. 
Therefore, the primary aim of this study was to assess the feasibility and acceptability of self-
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administered questionnaires, and accelerometry for measuring PA and SB in adults with mental 
illness. A secondary aim was to assess differences in feasibility and acceptability between 
participants with high or low distress.  
2.3 Methods 
This was a cross-sectional study. There were two recruitment methods: researcher invitation and 
referral (by self or staff). Individuals were approached by the researcher (JC) in hospital waiting 
rooms of five outpatient clinics, and support groups of four community-based mental health 
organisations in Brisbane, Australia, and verbally invited to participate. Project posters were placed 
in waiting rooms, and interested people could contact the researcher directly, or staff members 
could refer interested clients. Eligible participants were non-institutionalised men and women who 
self-identified as recovering from mental illness, were ambulatory, able to understand English, and 
over 18 years of age. People in visible distress or with severe intellectual impairment were not 
invited to participate.   
Component 1 involved participants reporting PA and SB using self-administered questionnaires, 
and rating the ease/difficulty of completing these questionnaires on a 7-point Likert scale; higher 
numbers indicated greater difficulty. The PA questionnaire was adapted from the Active Australia 
survey 195. Respondents reported the total frequency and duration spent in the previous week: a) 
walking to get to or from places; b) walking for recreation or exercise; c) vigorous garden or yard 
work; d) vigorous physical activity, and e) other moderate intensity activities. The SB questionnaire 
was adapted from a sitting-time questionnaire, which asks respondents to report sitting time on a 
usual weekday and weekend day in each of: a) traveling; b) at work; c) watching television; d) 
computer use; e) leisure time (not including TV) 197. Because SB is typically defined as including 
time spent reclining as well as sitting 149, an additional item was added to assess reclining time, not 
including sleep (e.g. lying down due to stress, pain or boredom). Questionnaires were also used to 
obtain demographic information; participants indicated psychiatric diagnosis from a list of seven 
options including depression, anxiety (e.g., post-traumatic stress disorder, phobia, panic attacks, 
obsessive compulsive disorder), psychoses (e.g., schizophrenia, schizoaffective disorder), substance 
use (e.g., drug, alcohol), eating disorder, bipolar disorder, or other (please specify). Level of distress 
in the previous month was assessed using the Kessler-6 scale; scores range from 6 to 30, with scores 
over 15 indicating high distress304. Participants could complete the questionnaires immediately or 
take them home; verbal agreement was taken as consent. Participants received an AUD$5 gratuity 
for completing component 1. 
Component 2 involved wearing an ActiGraph GT3X+ accelerometer on the right hip 24 hours/day 
for seven consecutive days; participants were asked to remove the monitor only to go in water (e.g. 
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shower or swim). During the monitoring period, participants recorded time to bed at night, time out 
of bed, and times the accelerometer was not worn, in an accompanying diary. At the end of the 
monitoring period, participants rated the ease/difficulty of wearing the accelerometer during the day 
or while sleeping, on a 7-point Likert scale; higher numbers indicated greater difficulty. They were 
also asked how often they: a) recorded every time the monitor was off; b) forgot to put the monitor 
back on after taking it off; and c) didn’t wear the monitor due to discomfort; d) filled out the diary 
throughout the day as they did the activities; e) filled out the diary at the end of the day from 
memory; and f) checked a clock, watch or phone for accurate times. Responses were on a 5-point 
Likert scale (none, a little, some, most or all of the time). The researcher met participants (often at 
the participant’s residence) to demonstrate how to use the monitor, measure the participants’ height 
and weight, and to pick up the materials. The researcher telephoned participants on the first and last 
day of the monitoring period to remind them of the requirements, and answer any questions. 
Participants received a written information sheet, and provided written informed consent before 
data collection. Participants received an AUD$40 gratuity for completing component 2.  
Ethical approval was obtained from The University of Queensland Behavioural and Social Sciences 
Ethical Review Committee (2012000908), and The Royal Brisbane & Women’s Hospital Human 
Ethical Review Committee (HREC/12/QRBW/286). Data were collected between October 2012 
and December 2013. 
2.3.1 Data management  
Extreme values of self-reported PA were defined as over 840 minutes (14 hours/week) for each 
domain, and over 1680 minutes (28 hours/week) for total PA, which was calculated as the sum of 
time spent walking, moderate activity, and vigorous activity weighted by two (excluding 
gardening), as per standard practices 195. Extreme values of self-reported SB were defined as over 
10 hours for each domain, and over 20 hours for the sum of time across all domains.  
Adherence to the accelerometer protocol was assessed using accelerometer data recorded during 
participants’ day hours, defined using self-reported time out of bed and time to bed at night. 
Compliance was defined as meeting the minimum wear-time criteria of at least 10 hours/day of 
valid monitoring, on four days of the week, including at least one weekend day, consistent with 
previous recommendations178. Accelerometer non-wear time was identified from diaries, and from 
consecutive zero counts for 60 minutes or longer. 
Ease/difficulty ratings were collapsed into easy (rating of 1 to 3), moderate (rating of 4), and hard 
(rating of 5 to 7). Responses for engagement with the accelerometer study were collapsed into 
none/a little (rating 1 or 2), some (rating of 3), most/all (rating 4 or 5), of the time. 
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2.3.2 Data analysis 
Due to non-normality and the presence of outliers in ease/difficulty ratings, non-parametric 
statistical tests were used.  The ease/difficulty ratings for each of the study components were 
compared within participants using Wilcoxon sign rank tests. Mann-Whitney U tests were used to 
compare ease/difficulty ratings for participants grouped by level of distress, and to compare those 
who declined or withdrew from the accelerometry, with those who completed. Statistical 
significance was set at p<0.05. 
Recruitment numbers, study attrition, adherence to the accelerometer protocol, and extreme values 
were also examined. Accelerometer data were reduced using MATLAB 2011b (The MathWorks, 
Inc., Natick, Massachusetts, United States), and statistical tests were performed using SPSS version 
22 (SPSS Inc, Chicago, Illinois). 
2.4 Results 
A participant flow diagram is presented in Figure 2.1. Of the 425 individuals invited or referred to 
the study, 142 (33%) completed the questionnaires, and 99 (23%) completed the accelerometry; no 
information is available on those who declined. Researcher invitation yielded more participants than 
self/staff referrals (68% and 58% of the questionnaire and accelerometer completers, respectively), 
but participants recruited by researcher invitation had a lower completion rate for the combined 
study components (42% vs. 95%). About a third of individuals who were invited by the researcher 
consented to the questionnaire (n=137; 36%), 28% of whom subsequently withdrew or were unable 
to be contacted. Of the individuals invited by the researcher, 98 (26%) completed the questionnaire, 
and 57 (15%) completed the accelerometry. All 44 participants recruited through referral pathways 
completed the questionnaire, and 42 (95%) completed the accelerometry. When considering 
recruitment sources, similar proportions were recruited from hospital, and community-based 
settings: 55% and 52% of questionnaire and accelerometer completers respectively were recruited 
from hospital outpatient clinics. 
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There were two recruitment methods: verbal invitation by the researcher (researcher invitation) and 
self- or staff-referral (referral). 
Total attrition (due to withdrawal or non-response to contact) was lower for the accelerometry than 
the questionnaire (12% vs 22%). Reasons for voluntary withdrawal included lack of time (n=2), 
anxiety/paranoia about the accelerometer (n=3), forgetfulness (n=2), self-perceived inability to 
adhere to the study (n=2) or hospitalisation (n=2). Two participants were withdrawn by clinical 
staff: one due to exacerbation of eating disorder symptoms, and one due to the staff member 
considering the participant unsuitable. All participants lost to the accelerometer study had psychotic 
and/or substance use disorders. Two accelerometers were lost when the participants had a 
psychiatric admission, and three participants lost activity diaries. Participants’ demographic 
characteristics are presented in Table 2.1. 
Researcher 
invitation 
N=381 
Declined 
N=244 (64%) 
Attrition  
Researcher: n=39 (28%) 
Referral: n=0 (0%) 
Total: N=39 (22%) 
Attrition 
Researcher: n=11 (16%) 
Referral: n=2 (5%) 
Total N=13 (12%) Completed accelerometer   
Researcher: n=57 (84%) 
Referral: n=42 (95%) 
Total N=99 (88%) 
Referral 
N=44 
Staff referral: 35 
Self-referral: 9 
Consented to accelerometer 
Researcher: n=68 (69%) 
Referral: n=44 (100%) 
Total N=112 (79%) 
 
Consented to questionnaire 
Researcher: n=137 (36%) 
Referral: n=44 (100%) 
Total: N=181 (43%) 
Declined accelerometer 
Researcher: n=30 (31%) 
Referral: n=0 (0%) 
Total N=30 (21%) 
Completed Questionnaire 
Researcher: n=98 (72%) 
Referral: n=44 (100%) 
Total: N=142 (78%) 
 
Figure 2.1: Participant flow diagram 
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Table 2.1: Participant characteristics 
 
Questionnaire 
(n=142) 
Completed 
accelerometry 
(n=99) 
Did not complete 
accelerometry a 
(n=43) 
Age mean (SD) 40.0 (11.4) 40.1 (11.4) 39.8 (11.6) 
 n (%) n (%) n (%) 
Female n (%) 61 (43%) 46 (47%) 15 (35%) 
Diagnosis    
 Depression 13 (9%) 9 (9%) 4 (9%) 
 Anxiety 5 (4%) 4 (4%) 1 (2%) 
 Depression/anxiety 14 (10%) 9 (9%) 5 (12%) 
 Psychoses 46 (32%) 28 (28%) 18 (42%) 
 Psychoses and depression/anxiety 18 (13%) 11 (11%) 7 (16%) 
 Bipolar disorder 10 (7%) 10 (10%) 0 (0%) 
 Other b 36 (25%) 28 (28%) 8 (19%) 
Distress c    
   High distress  64 (45%) 43 (43%) 21 (49%) 
Education    
 <Year 12 53 (37%) 34 (34%) 19 (44%) 
 Year 12 27 (19%) 21 (21%) 6 (14%) 
 Certificate/diploma 40 (28%) 30 (30%) 10 (23%) 
 University degree 22 (16%) 14 (14%) 8 (19%) 
Employment    
 Full-time/part-time 17 (12%) 12 (12%) 5 (12%) 
 Volunteer 13 (9%) 8 (8%) 5 (12%) 
 Student  14 (10%) 9 (9%) 5 (12%) 
 Homemaker/retired 10 (7%) 8 (8%) 2 (5%) 
 Unable to work 59 (42%) 41 (41%) 18 (42%) 
 Unemployed / looking for work 29 (20%) 21 (21%) 8 (19%) 
Physical health    
 Poor/fair  94 (66%) 70 (71%) 24 (56%) 
 Good   36 (25%) 23 (23%) 13 (30%) 
 Very good/excellent  12 (9%) 6 (6%) 6 (14%) 
Smoker status    
 Daily/occasionally 85 (60%) 56 (57%) 29 (67%) 
 Never/ex-smoker 57 (40%) 43 (43%) 14 (33%) 
a Includes participants who declined (n=30) or withdrew (n=13) from the accelerometry.  
b Other includes participants with a range of diagnoses e.g. depression, anxiety, eating disorder, and 
substance use (n=2); depression anxiety, substance use and psychoses (n=3) etc. 
c Distress was measured using the Kessler-6 distress scale; high distress is a score over 15. 
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Of the 142 questionnaire participants, 32 (23%) requested assistance (e.g. recall prompts) to 
complete the SB questionnaire, whereas only one person requested assistance to complete the PA 
questionnaire. Ninety-nine participants completed the accelerometer study, however, one 
participant’s data were lost due to an accelerometer fault, and one participant misunderstood the 
protocol and only wore the monitor to sleep. Of the 97 participants who wore the monitor during 
waking hours, 85 (88%) met the wear-time criteria, and 59 (61% of total sample) had 7 out of 7 
valid days of monitoring. The median wear-time for all valid days was 14.0 hours (IQR=12.5 to 
15.5; max=25.8), which was 98.5% (IQR=95.3% to 100%; min=53.8%) of their reported day times.  
When considering each participant’s total reported day time for all valid days, only 5 (6%) 
participants wore the monitor for less than 90% of this time. The median number of nights that 
participants wore the monitor to sleep was 8 (IQR=7 to 8) out of a possible 8 nights; four 
participants chose never to wear the monitor while sleeping. 
For total self-reported PA, extreme values were identified for 11% of respondents; more extreme 
values were identified for walking (6% for walking for transport, 5% for walking for recreation) 
than other PA items (<2% each). For total weekday and weekend day SB, extreme values were 
identified for 7% and 12% of respondents, respectively; more extreme values were identified for 
sitting to watch TV (14%) than other SB domains (<11% each). 
Participants’ ease/difficulty ratings for completing the questionnaire items and accelerometry tasks 
are presented in Table 2.2. Difficulty ratings were significantly higher for reporting sitting time than 
reclining time or PA, and higher for reporting reclining time than PA. Participants with high distress 
found it significantly more difficult than participants with low distress to report sitting time and PA. 
Questionnaire ease/difficulty ratings for those who declined or withdrew from the accelerometry 
(n=43) were similar to those who completed (sitting: U=2,072, p=.80, r=.02; reclining: U=2,201, 
p=.74, r=.03; PA: U=2,216, p=0.69, r=.03). Participants found it more difficult to wear the 
accelerometer while sleeping than during the day; there was no significant difference by distress 
level. For the 94 participants who completed both study components and returned their diary, 
reporting sitting, and reclining time, were both rated as more difficult than wearing the 
accelerometer during the day, and while sleeping. 
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Table 2.2: Ease/Difficulty Ratings for Study Components 
 
Ease/difficulty ratings  
n (%) for all participants 
Ease/difficulty ratings  
median (25th, 75th percentile) 
Easy  Moderate  Hard 
All 
participants 
Low 
distress 
High 
distress 
Questionnaire (n=142)    n=78 n=64 
   Physical activity* 65 (46%) 29 (20%) 48 (34%) 4 (1, 5) 3.5 (1, 5) 4 (2, 6) 
   Reclining a 46 (32%) 31 (22%) 65 (46%) 4 (2, 5) 4 (2, 5) 5 (3, 6) 
   Sitting* b 30 (21%) 22 (16%) 90 (63%) 5 (4, 7) 5 (3.75, 6) 6 (4, 7) 
Wearing monitor (n=94)      n=54 n=40 
   During day 79 (84%) 8 (9%) 7 (7%) 1 (1, 2.25) 1 (1, 2) 1.5 (1, 3) 
   While sleeping c 67 (71%) 10 (11%) 17 (18%) 2 (1, 4) 2 (1, 4) 2 (1, 4.75) 
*Participants with high distress had greater difficulty than those with low distress to report physical 
activity (U=1992.5, p=.036, r=0.18), and sitting time (U=1840, p=.006, r=0.23). 
a Greater difficulty than PA (Z=2.313, p=.017); greater difficulty than wearing the monitor during 
the day (Z=6.678, p<.001), or night (Z=4.708, p<.001). 
b Greater difficulty than reclining (Z=5.797, p<.001) and PA (Z=6.233, p<.001); greater difficulty 
than wearing the monitor during the day (Z=7.499, p<.001), or night (Z=6.310, p<.001). 
c Greater difficulty than during the day (Z=3.704, p<.001). 
Most participants reported none or a little of the time when asked how often they forgot to put the 
monitor back on after taking it off (89%), or how often they didn’t wear the monitor due to 
discomfort (91%). The majority reported completing the diary throughout the day (62%), checking 
a clock, watch or phone for accurate times (72%), and recording every time the monitor was off 
(76%), most or all of the time. 
2.5 Discussion 
The recruitment results highlight the value of working-relationships between researchers and mental 
health staff/organisations for the engagement of adults with mental illness in research. Some 
participants experienced great difficulty completing the SB questionnaire, and a higher proportion 
of respondents reported extreme values for SB items than PA items, which may represent over-
reporting. Recalling unstructured behaviours, such as sitting and reclining time, may be more 
difficult than recalling PA, particularly if asked to average this time for a usual day. Future research 
could establish standard truncation guidelines for self-reported SB to minimise potential over-
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reporting, and investigate the ease/difficulty of previous day recall questions with time- and 
domain-specific prompts, rather than usual day questions.  
Participants engaged well with the accelerometer protocol. The compliance observed in this study 
(88%) is similar to general population studies, e.g. 77% for a Swedish study305, and 76% for the 
2003-2004 NHANES sample306. A Hong Kong study of 3,600 adults found that 60% of participants 
provided 4 days of valid monitoring, and that accelerometer wear time was positively associated 
with full-time employment, non-smoker status, tertiary education, and high self-reported health307. 
This study however, demonstrated high compliance from a sample with a high unemployment (88% 
not working), current smoking status (56%), low tertiary education (14%) and poor health (71% low 
rated health). This high compliance may be explained by aspects of the protocol, which have been 
shown to improve compliance in other populations, such as a daily log, follow-up phone calls 
during the monitoring period, and a financial gratuity308, however, people with psychotic and/or 
substance disorders may be more likely to withdraw. 
A strength of this study is the large, heterogeneous sample recruited from both community and 
hospital settings; other studies have involved smaller samples (ranging from 14 to 35) recruited 
from a single site183,184,191,214, or involved a single diagnostic group183,184,191. SB is typically defined 
to include time spent reclining as well as sitting149, and previous research has highlighted the non-
assessment of reclining time as a source of bias when assessing SB in adults with mental illness201. 
The inclusion of reclining time may have, however, increased participants’ perceived difficulty of 
completing the questionnaire. A limitation of this study is that a convenience sample was used 
instead of a random sample; therefore, the sample may not be representative. The high proportion of 
adults with psychotic illnesses may make the results broadly generalizable to a cohort with mental 
illness. Because participants completed accelerometry after the questionnaires, it may be that 
participants who had greater difficulty with questionnaires were more likely to decline the 
accelerometry, thus biasing the accelerometry sample to the “more capable”.  However, 
questionnaire ease/difficulty ratings for participants who declined or withdrew from the 
accelerometry were similar to those who completed. Some psychiatric medications can significantly 
affect cognitive function (e.g. antipsychotics)11,12; type and dose of medication may therefore have 
influenced participation rates and perceived difficulty. Future research could assess the influence of 
psychiatric medications on the feasibility and acceptability of completing PA and SB questionnaires 
and accelerometry.  
2.6 Conclusions 
In conclusion, adults with mental illness can engage with self-report and objective methods of 
collecting data on PA and SB. Accelerometry was more feasible and acceptable for assessing SB 
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than questionnaires. Questionnaires were feasible for assessing PA, but may be less acceptable for 
people experiencing high distress. These findings extend previous research by assessing the 
perceived ease/difficulty of completing PA and SB data collection methods in adults with mental 
illness, and investigating differences by psychological distress 
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3 Defining a valid day of accelerometer monitoring in adults with mental illness 
Overview 
Data and analyses on the feasibility and acceptability of questionnaires and accelerometry for 
measuring PA and SB in adults with mental illness were presented in Chapter 2. It was found that 
accelerometry was more acceptable than questionnaires for measuring SB, and that participants 
with high distress did not find accelerometry more difficult than those with low distress. 
Accelerometry is an acceptable research measure of PA and SB for adults with mental illness, 
however, validity of accelerometer-derived estimates of time spent in PA and SB may be 
compromised if appropriate data management procedures aren’t used. It is therefore important to 
investigate the impact of using different data management criteria for accelerometer data.  
A valid day of accelerometry is commonly defined as 10 hours/day, however, there is little 
empirical justification for use of this criterion. Comparison of different valid-day criteria may 
provide insight into the most appropriate criterion for defining a valid day. The use of valid-day 
criteria defined relatively, as a proportion of each participant’s waking hours, is presented in 
Chapter 3. This chapter addresses the second PhD objective: To assess data management procedures 
for accelerometer data. 
 
Chapter 3 has been published in Mental Health and Physical Activity. The citation is: 
Chapman, J.J., Brown, W.J., and Burton, N.W. (2015). Defining a valid day of accelerometer 
monitoring in adults with mental illness. Mental Health and Physical Activity, 9:48-54, doi: 
10.1016/j.mhpa.2015.09.003 
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3.1 Abstract 
Introduction: A valid day of accelerometry is commonly defined as an absolute duration of wear 
time. Data processing inconsistencies can arise when using absolute valid-day criteria for adults 
with varied waking hours. The aim was to compare the use of absolute and relative valid-day 
criteria in a sample of adults with mental illness. Methods: Data were from 99 non-institutionalised 
adults with mental illness. Participants were asked to wear an ActiGraph GT3X+ accelerometer 
continuously for seven days, and to note sleep and non-wear times. Absolute valid-day criteria were 
defined as a set number of hours/day, and relative criteria as a proportion of waking hours. The 
mean waking duration, non-wear time, and time spent in physical activity (PA) and sedentary 
behaviour (SB), were derived from accelerometer data, and compared for a range of absolute and 
relative criteria. The potential inaccuracy of PA and SB estimates were also estimated. Results: Use 
of absolute criteria systematically biased the sample toward those with longer waking hours, and 
resulted in a median of 86% (IQR=47% to 198%) more non-wear time than relative criteria. The 
potential inaccuracy of SB was from -2.5% to 0% with relative criteria, and from -2.2% to 10.6% 
for absolute criteria. Conclusions: For participant samples with varied waking hours, such as adults 
with mental illness, a valid-day criterion should be based on the proportion of waking hours, rather 
than the absolute time. The specific valid-day criterion should be chosen for each study 
independently, and be accompanied with a measure of the non-wear time. 
3.2 Introduction 
Adults with mental illness have shorter life expectancy than the general population33, increased risk 
of diabetes, heart conditions, and obesity309, and reduced psychosocial functioning310.  Physical 
activity (PA) decreases mortality risk311, protects against chronic disease312, reduces depression and 
anxiety250,267, and can improve quality of life in adults with mental illness313. High levels of 
sedentary behaviour (SB) are associated with increased risk of morbidity and all-cause mortality314. 
There is therefore a need for accurate monitoring of PA and SB in adults with mental illness, to 
determine prevalence and public health impact, and to evaluate interventions aimed at increasing 
PA and reducing SB315. 
Objective methods, such as accelerometers, allow for direct measurement of PA and SB, and are 
widely used in epidemiological studies316. Despite their wide use, inconsistencies in data reduction 
procedures have been identified that may reduce comparability between studies317-320, and 
compromise the validity of accelerometer estimates321-326. It is important to identify and minimise 
sources of error and bias in data reduction procedures.  
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Accelerometer data reduction involves defining a valid period of monitoring considered adequate 
for estimating habitual behaviour (e.g. valid day and week). Valid-day criteria are commonly 
operationalised in absolute terms, as a pre-defined duration of wear time. A large range of such 
criteria has been used, ranging from 1 hour/day to 16.7 hours/day317; most commonly >10 
hours/day178. Difficulties can arise, however, when using an absolute valid-day criterion, as it does 
not account for the intra- and inter-individual variability in waking hours327.  For example, with the 
>10 hours/day validity criterion, someone with a 14-hour waking day could have up to 4 hours of 
non-wear time (29% of their waking hours), whereas someone with a 12-hour waking day could 
have only 2 hours of non-wear time (17% of waking hours). Methods for imputing non-wear time 
have been developed328-330; however, most studies simply remove missing data, which biases 
estimates of PA and SB levels331, and can alter cross-sectional or longitudinal associations321,323,326. 
To reduce this potential source of error, recent suggestions have been to increase the valid-day 
criterion to 13 hours/day320,322. This may not be appropriate for population groups that commonly 
exhibit long sleep durations, such as people with depression or low socioeconomic status332, due to 
the exclusion of participants with short waking hours. 
When assessing daily PA or SB, a valid day of monitoring could instead be defined relatively, as a 
proportion of the waking hours of each day. While the “gold standard” is wearing the monitor for 
100% of waking hours (zero non-wear time), regardless of the absolute duration, compliance with 
this criterion is likely to be low, and may also introduce selection bias.  When deciding on an 
appropriate valid-day criterion, it is therefore necessary to find a balance between compliance and 
allowable non-wear time. Few studies have investigated the use of relative valid-day criteria 317, and 
no studies have specifically compared the use of relative and absolute valid-day criteria.  
The aim of this study was to compare potential sources of error (e.g. sample bias) resulting from the 
use of absolute and relative valid-day criteria matched on compliance in a group of adults with 
mental illness, in order to recommend a method of choosing an appropriate valid-day criterion. 
3.3 Method 
Accelerometer data from the Mind & Body study (n=99)333 were used to investigate different valid-
day criteria. Participants were non-institutionalised men and women who self-identified as 
recovering from mental illness, were ambulatory, and over 18 years of age. Participants were asked 
to wear an ActiGraph GT3X+ accelerometer on the right hip 24 hours/day for seven consecutive 
days.  During the monitoring period, participants recorded time to bed at night, time out of bed, and 
times the accelerometer was not worn, in an accompanying diary.  Participants provided written 
informed consent before data collection, and received an AUD$40 gratuity for completing the 
accelerometry. 
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Ethical approval was obtained from The University of Queensland Behavioural and Social Sciences 
Ethical Review Committee (2012000908), and the Royal Brisbane & Women’s Hospital Human 
Ethical Review Committee (HREC/12/QRBW/286). Data were collected between October 2012 
and December 2013. 
3.3.1 Data management 
Raw acceleration data were sampled at 30Hz and filtered at a bandwidth of 0.25 to 2.5 Hz, 
corresponding with normal human movement334. Raw data were converted to counts per minute 
(cpm), and the vertical axis was used to estimate the intensity of activity for each 60-second epoch. 
Participants’ self-reported time out of bed, and time to bed, were used to define their waking hours; 
only accelerometer data recorded during waking hours were analysed. Three participants lost their 
activity diary; the waking hours of these participants were imputed by visual inspection of the 
data335. 
3.3.2 Analysis 
Compliance was defined as the proportion of participants meeting the criteria for a valid day and 
week. Absolute valid-day criteria were operationalised as a duration of wear time (hours/day); 
relative valid-day criteria were operationalised as a proportion of waking hours (%/day). Because 
the aim of this study was to investigate different valid-day criteria, standard criteria were used to 
define time spent in PA and SB, accelerometer non-wear, and a valid week of monitoring. 
Sedentary behaviour, light activity, and moderate-to-vigorous activity (MVPA), were defined as 
100 cpm, 101-2,019 cpm,  and >2,019 cpm, respectively306. Non-wear time was identified from 
diaries, and from consecutive zero counts for 60 minutes or longer, and removed from the data. A 
valid week was defined as at least four valid days of monitoring, including at least one weekend day 
178. 
Some participants had “short” days, in which their total time spent awake was similar in duration to 
commonly used absolute valid-day criteria. The use of absolute valid-day criteria could result in 
those days being excluded even if the monitor was worn for a high proportion of waking hours.  
Therefore, potentially valid short days were defined as days that participants wore the monitor for at 
least 80% of waking hours, but that did not meet the absolute valid-day criterion because of short 
waking hours (waking hours  1.05*valid-day criterion). Potentially valid cases were defined as 
participants who would have met the valid-week criterion, had the potentially valid short days been 
included. The number of potentially valid short days and cases were identified for each of five 
absolute valid-day criteria (6, 8, 10, 12, and 14 hours/day).  
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Compliance was calculated for a range of both relative and absolute valid-day criteria: from 
80%/day to 100%/day in 1% increments, and from 6-16 hours/day (360-960 minutes/day) in 1-
minute increments. Average waking hours, non-wear durations, proportion of waking hours 
identified as non-wear time, and time/day spent in SB, light activity, and MVPA, were compared 
for relative and absolute valid-day criteria matched on compliance.  
Given that removal of non-wear time may bias estimates of time spent in PA and SB downward, 
this underestimation was approximated for a range of valid-day criteria as: (proportion of waking 
hours identified as non-wear)*(proportion of wear-time spent in PA or SB)*100. Because time 
spent in PA and SB may be overestimated when the sample is biased toward those with longer 
waking hours, this potential overestimation was estimated for the absolute criteria only, as: [(mean 
waking hours for absolute criteria)/(mean waking hours for relative criteria) – 1]*(proportion of 
wear-time spent in PA or SB). Potential underestimations were subtracted from potential 
overestimations to approximate the overall inaccuracy. Data reduction and analyses were performed 
with MATLAB 2011b (The MathWorks, Inc., Natick, Massachusetts, United States). 
3.4 Results 
3.4.1 Exclusion of data 
Participant demographics are presented in Table 3.1. The characteristics of potentially valid short 
days, and proportion of potentially valid cases, are presented in Table 3.2. All potentially valid 
short days had high proportions of wear time (>80%). A high proportion of potentially valid cases 
were identified for valid-day criteria of 12 hours/day or more. 
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Table 3.1: Participant characteristics 
 Mean (SD) 
Age (years) 40.5 (11.3) 
range=18-71 
BMI 30.3 (7.0) 
 N (%) 
Female  47 (48%) 
Self-reported diagnosis  
 Depression 9 (9%) 
 Anxiety 4 (4%) 
 Depression/anxiety 10 (10%) 
 Psychoses 29 (29%) 
 Psychoses and 
 depression/anxiety 
9 (9%) 
 Bipolar disorder 14 (14%) 
 Other a 28 (28%) 
Employment  
 Full-time 2 (2%) 
 Part-time/casual 10 (10%) 
 Volunteer 9 (9%) 
 Student  9 (9%) 
 Homemaker/retired 8 (8%) 
 Unable to work 40 (40%) 
 Unemployed  21 (21%) 
a Other includes participants who reported multiple diagnoses e.g. two participants reported 
depression, anxiety, eating disorder, and substance use, etc. 
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Table 3.2: Potentially valid short days, and cases, for a range of absolute valid-day criteria 
(n=99) 
Valid-
day 
criteria 
(hrs/day) 
Potentially 
valid short 
days 
n (%) 
Waking duration of 
potentially valid 
short days 
Median hours (IQR) 
Wear time as proportion of 
waking duration on 
potentially valid short days 
Median % (IQR) 
Potentially 
valid cases  
n (%) 
6 0 (0%) - - 0 (0%) 
8 9 (1%) 7.9 (7.6-8.1) 100.0 (96.7-100.0) 1 (1%) 
10 41 (6%) 10.0 (8.9-10.2) 99.8 (96.6-100.0) 4 (4%) 
12 134 (20%) 11.5 (10.4-12.2) 98.6 (94.1-100.0) 26 (26%) 
14 314 (47%) 13.0 (11.9-13.9) 98.7 (94.5-100.0) 63 (64%) 
IQR=interquartile range (75th-95th percentile). 
Potentially valid short days were defined as days that participants wore the monitor for at least 80% 
of waking hours, but that did not meet the absolute valid-day criterion because of short waking 
hours (waking hours  1.05*valid-day criterion). Potentially valid cases were the number of 
participants who would have met the valid-week criterion (at least 4 valid days, including at least 
one weekend day) had the potentially valid short days been included. 
3.4.2 Comparison of relative and absolute criteria 
Compliance rates for a range of relative valid-day criteria, and the corresponding absolute valid-day 
criteria matched on compliance, are presented in Table 3.3. Mean waking hours, mean non-wear 
time, and mean daily time spent in PA and SB, for a range of relative and absolute criteria are 
presented in Figure 3.1 and Figure 3.2.  
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Table 3.3: Compliance for a range of valid-day criteria (n=99) 
Valid-day criteria 
Compliance 
(%) 
Relative criteria 
(% of waking duration/day) 
Absolute criteria 
(minutes/day) (hours/day) 
80 565-568 9.4 91 
81 569-571 9.5 90 
82 569-571 9.5 90 
83 572-586 9.5 89 
84 612-625 10.2 87 
85 646-649 10.8 84 
86 691 11.5 81 
87 - - 80 
88 - - 80 
89 - - 80 
90 707-712 11.8 76 
91 726 12.1 72 
92 742-747 12.4 67 
93 764-768 12.7 59 
94 773 12.9 56 
95 773 12.9 56 
96 803 12.9 49 
97 805-806 13.4 47 
98 - - 40 
99 875-876 14.6 22 
100 - - 12 
Note: Compliance rates were calculated for a range of relative criteria (from 80% to 100% of 
waking hours, in 1% increments), and absolute criteria (6 to 16 hours/day, in 1-minute increments); 
however, only absolute criteria with equivalent compliance to the relative criteria are presented. 
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Figure 3.1: Trends in waking hours and non-wear time across wear-time criteria 
Trends in mean waking hours (A), mean non-wear time/day (B), and mean proportion of waking 
hours that were identified as non-wear (C), across a range of valid-day criteria. Circles: relative 
criteria (%/day); Triangles: absolute criteria (hours/day). Markers represent the mean; error bars 
represent standard deviation. Note: Each relative and absolute criterion is matched on compliance; 
there were no absolute criteria that had the same compliance as 87%, 88%, 89%, 98% and 100% of 
waking hours (also shown in Table 3.3), which explains the missing data in the absolute criteria 
plots. 
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Figure 3.2: Trends in accelerometer-derived outcomes across wear-time criteria 
Trends in time spent in sedentary behaviour (A), light activity (B), and moderate-to-vigorous 
activity (C) across a range of valid-day criteria. Circles: relative criteria (%/day); Triangles: 
absolute criteria (hours/day). Markers represent the mean; error bars represent standard deviation. 
Note: Each relative and absolute criterion is matched on compliance; there were no absolute criteria 
that had the same compliance as 87%, 88%, 89%, 98% and 100% of waking hours (also shown in 
Table 3.3), which explains the missing data in the absolute criteria plots. 
When longer wear times were used to define a valid day, the sample was systematically biased 
toward those with longer waking hours, whereas the mean waking hours remained similar over the 
range of relative criteria (Figure 3.1). The mean waking durations when using the absolute criteria 
were a median of 6.4% (IQR=2.9-9.0%) higher than when using relative criteria (range=1.5-
18.9%). The use of absolute valid-day criteria also resulted in more algorithmically-identified non-
wear time: the mean daily non-wear durations for the absolute criteria were a median of 86% 
(IQR=47-198%) higher than those of the corresponding relative criteria (range=31-1461%). When 
expressed as a proportion of the mean waking hours, the non-wear time identified for the absolute 
criteria was a median of 1.5% (IQR=1.2-1.9%) more than the corresponding relative criteria 
(range=1.0-2.4%). The estimated time spent in SB was greater when using the absolute criteria; 
however, times spent in PA were similar (Figure 3.2). All accelerometer-derived outcomes 
appeared to be subject to selection bias for the more conservative criteria (≥13 hours/day, and 
≥96%/day).  
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3.4.3 Potential impact of valid-day criteria on time spent in PA and SB 
The potential underestimations of time spent in PA and SB are greatest for SB, and negligible for 
MVPA (Figure 3.3). For the relative criteria, these underestimations approach zero as the relative 
valid-day criteria approaches 100%/day. The potential underestimations for the less conservative 
absolute valid-day criteria (2.1% for the 9.4 hours/day criterion) are similar to the relative criteria 
(2.4% for the 80%/day criterion), but become overestimations for absolute criteria ≥ 10.8 hours/day 
due to the longer mean waking hours of the sample (as shown in Figure 3.1). 
 
Figure 3.3: Estimated inaccuracy in time spent in accelerometer-derived outcomes across 
wear-time criteria 
The potential under-/over-estimations in time spent in sedentary behaviour (squares), light activity 
(triangles), and moderate-to-vigorous activity (circles), across a range of relative valid-day criteria 
(A), and absolute valid-day criteria (B); negative values represent underestimations. Note: Each 
relative and absolute criterion is matched on compliance; there were no absolute criteria that had the 
same compliance as 87%, 88%, 89%, 98% and 100% of waking hours (also shown in Table 3.3), 
which explains the missing data in the absolute criteria plots. 
3.5 Discussion 
The aim of this study was to compare the use of absolute and relative valid-day criteria for 
accelerometer data reduction in a sample of adults with mental illness. To investigate valid-day 
criteria, other data management decisions were kept consistent with common practices (e.g. valid-
week criterion, algorithmic identification of non-wear). The sample had high adherence to the 24-
hour wear protocol: only four participants chose not to wear the monitor while sleeping336; 
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however, only accelerometer data collected during waking hours were analysed, because daily 
activity levels are relevant to physical activity guidelines.  
It was shown that absolute valid-day criteria systematically biased the participant sample by 
excluding participants with shorter waking hours. Individuals with longer waking hours have more 
time to accumulate PA and SB; the bias introduced by absolute valid-day criteria therefore 
increased sample-averaged estimates of time spent in PA and SB. I approximated this potential 
overestimation by using the sample-averaged waking hours found using the relative valid-day 
criteria as the “gold standard”, and considering the proportion increase in waking hours found for 
the absolute criteria to contribute to overestimation. This is reasonable, because relative valid-day 
criteria do not discriminate valid data based on day length, and the mean waking hours remained 
constant over a large range. SB was most affected, because it accounted for the greatest proportion 
of waking hours.  
More than a quarter of the sample were excluded due to short waking hours when using the 12 
hours/day criterion, indicating that recent suggestions of using a valid-day criterion of over 12 
hours/day320,322 may not be appropriate for groups with varied waking hours. One could argue that a 
solution to this problem is to simply lower the valid-day criterion to where there are fewer excluded 
days of monitoring (e.g. 6 hours/day). This may be adequate if all participants have similar waking 
durations (e.g. if all participants had 7-hour waking days, and therefore a maximum of one hour/day 
allowable non-wear time), however, if there is variation in waking hours within the sample, less 
conservative valid-day criteria can introduce high non-wear time, and therefore inaccurate estimates 
of time spent in PA and SB. 
Use of absolute valid-day criteria resulted in more algorithmically-identified non-wear time than the 
corresponding relative criteria matched on compliance. A valid-day criterion that limits 
algorithmically-identified non-wear time is advantageous, because non-wear time is typically 
removed, which lowers estimates of time spent in PA and SB. I approximated this potential 
underestimation using a simple form of imputation. A more robust method would be to obtain 
complete accelerometer data (100% of waking hours), then randomly remove data to simulate non-
wear. Although we did not use this semi-simulation approach, it is well-known that the non-
consideration of non-wear biases estimates of time spent in PA and SB downward328-330. I instead 
predicted the effect of non-wear time using a simple imputation method, and compared for absolute 
and relative criteria. I found that non-wear time had the greatest impact on estimates of time spent 
in SB. This is consistent with previous research that demonstrated that shorter wear times resulted 
in lower estimates of time spent in PA and SB, with the greatest difference seen for SB320. 
Underestimations in time spent in PA and SB would be concerning when comparing different 
Chapter 3 
 
59 
population groups, or sub-groups within a sample, because the accumulation of non-wear time may 
be associated with particular health and demographic characteristics307,337,338, which could influence 
the probability of Type 1 and Type 2 error. 
To be inclusive of participants with short waking hours while limiting non-wear time, I recommend 
using a relative valid-day criterion. The use of relative valid-day criteria would enhance 
comparability of results across studies by removing the potential bias caused by using absolute 
valid-day criteria (i.e. high non-wear times, and unnecessary exclusion of data). Due to the potential 
for lenient criteria to introduce high non-wear time, and for conservative criteria to introduce 
selection bias, and reduce statistical power, an appropriate relative valid-day criterion should be 
chosen based on a balance between compliance and non-wear time. In a “worst-case” scenario, 
where all participants’ data present with the maximum non-wear time allowable under any valid-
day criterion (e.g. the 80%/day criterion allows a maximum of 20% of waking hours to be identified 
as non-wear time), I recommend that a 90%/day criterion be used to limit the potential 
underestimation to 10%. However, given that adherence to accelerometer protocols varies across 
studies, the specific criterion should be chosen after all data are collected, and the amount of non-
wear time can be assessed. The chosen criterion should be accompanied by a measure of the non-
wear time as a proportion of waking hours (or inversely: the wear-time), to improve transparency, 
and to allow readers to assess the validity of the findings. In this sample, the valid-day criterion of 
80%/day resulted in 91% compliance, mean non-wear time of 3.7% (SD=1.3%) of waking hours, 
and a potential underestimation in SB time of ~2.5%. Transparency of quality and quantity control 
checks during the postcollection phase is consistent with current recommendations339.  
To use a relative valid-day criterion, researchers would need to assess the waking hours of 
participants using self-report, or sleep-detection algorithms340,341. Water-proof, wrist-worn devices 
that allow 24-hour monitoring may avoid the issue of non-wear time altogether; however, 
accelerometers attached to the centre of mass are preferred when estimating energy expenditure 
342,343, and further research is required to standardise cut-points for wrist-worn devices344. 
Moreover, many current wrist-worn devices restrict access to raw data, are interactive (which may 
increase the likelihood of reactivity345), or are not specifically designed for wrist wear (i.e. 
“unattractiveness” may reduce adherence).  
This analysis provides the first comparison of accelerometer-derived outcomes calculated using 
absolute and relative valid-day criteria.  A limitation of this study is that accelerometer data from a 
relatively small sample (n=99) of adults with a range of mental illnesses were used. Future research 
into data reduction rules could benefit from larger, general population samples to demonstrate 
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generalizability, or from samples of participants from a single health or demographic group, to 
demonstrate its specific relevance.  
3.6 Conclusions 
This is the first study to comprehensively assess differences in accelerometer-derived outcomes for 
the use of absolute or relative valid-day criteria in adults with mental illness, which has important 
implications for the future use of accelerometry with this group. The use of absolute valid-day 
criteria biases estimates of time spent in SB in adults with mental illness due to the exclusion of 
participants with short waking hours, and results in more algorithmically-identified non-wear time 
than relative criteria. A valid-day criterion should be based on the proportion of waking duration 
that the monitor was worn, and be accompanied with a measure of the non-wear time. 
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4 Investigating questionnaire truncation rules  
Overview 
Analyses in Chapter 2 indicated that accelerometer and questionnaires were feasible PA and SB 
data collection methods for adults with mental illness. Analyses presented in Chapter 3 revealed 
that commonly accepted accelerometry data management practices systematically bias estimates of 
time spent in PA and SB (particularly SB). It is important to assess the impact of data management 
procedures in any avenue of research, to reduce potential biases during the post-processing analysis 
phase. Common questionnaire data management practices, such as the application of data truncation 
rules, have not been systematically investigated. Given the wide use of self-report PA 
questionnaires in epidemiological health research, empirical assessment of these procedures is 
important. Building from Chapter 3, an investigation into the use of questionnaire data management 
rules will be presented in Chapter 4.  
Chapter 4 (together with Chapter 3) will address the second PhD objective: To assess data 
management procedures for questionnaire data in adults with mental illness. Analyses presented in 
Chapter 4 are intended to be supplementary. Here, I compare accelerometer-derived and self-
reported estimates of PA to identify outliers that may be the result of over-reporting. 
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4.1 Introduction 
Physical activity (PA) is commonly assessed using self-administered questionnaires, because of 
their ease of use, and high participant acceptability174. The accuracy of questionnaire estimates of 
PA may be dependent upon the recall period, number of questions, specific context prompts, and 
the ease of recall of some behaviours. Self-report data are also subject to reporting bias (e.g. social 
desirability bias) and recall errors (e.g. overestimating time spent in activity). To reduce potential 
over-reporting, analysis guidelines for some PA questionnaires include employing data 
management rules, such as truncation. Truncation involves setting a ‘ceiling’ on each respondent’s 
self-reported PA. This ceiling tends to be different for each questionnaire (e.g. IPAQ truncates 
individual questionnaire items at 4 hours/day, Active Australia questionnaire truncates at 2 
hours/day). It is unknown if outliers or extreme values in questionnaire data should be altered using 
truncation rules. There is a need to empirically investigate the appropriateness of truncation rules 
for PA questionnaire data.  
Accelerometers allow for unbiased measurement of PA, and accelerometer-derived estimates of PA 
generally correlate with self-report estimates of PA183,185,199. Comparison of questionnaire and 
accelerometer data may therefore provide a means for identifying outliers in self-report data that 
may be the result of over-reporting. The aim of this supplementary analysis was to assess the 
appropriateness of questionnaire truncation rules for adults with mental illness. 
4.2 Methods 
Data from the Mind & Body study (n=99)333 were used for these analyses.  Participants were non-
institutionalised men and women who self-identified as recovering from mental illness, were 
ambulatory, and over 18 years of age. There were two study components; component 1 involved 
reporting PA using self-administered questionnaires. The PA questionnaire was adapted from the 
Active Australia survey to have two walking items195. Respondents reported the total frequency and 
duration in the previous week of: a) walking for transport; b) walking for recreation; c) vigorous 
yard work; d) vigorous activity, and e) other moderate intensity activities. Component 2 involved 
wearing an ActiGraph GT3X+ accelerometer on the right hip, 24 hours/day for seven consecutive 
days. During the monitoring period, participants recorded time to bed, time out of bed, and non-
wear times, in a diary.  
4.2.1 Data management 
Self-reported moderate-to-vigorous activity in the previous week (Sr-MVPA/week) was calculated 
as the sum of time spent in walking (for transport and recreation/exercise), moderate activity, and 
vigorous activity. Guidelines for analysis of Active Australia questionnaire data include truncating 
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each questionnaire item to 14 hours/week, and Sr-MVPA/week to 28 hours/week195. To investigate 
the appropriateness of truncation rules, individual questionnaire items were truncated consistent 
with guidelines, and untruncated Sr-MVPA/week was compared with accelerometer data.  
Data management guidelines for the Active Australia questionnaire specify excluding yard work 
from the calculation of Ar-MVPA/week195. However, accelerometry detects all bodily movement. 
Therefore, Sr-MVPA/week was also calculated including self-reported yard work, and all analyses 
were repeated for comparison purposes.  
Data from the accelerometer’s vertical axis were converted to counts per minute (cpm). 
Participants’ self-reported time out of bed, and time to bed, were used to define their waking hours; 
only waking data were analysed. Accelerometer non-wear time was identified from diaries, and 
from consecutive zero counts ≥60 minutes. Accelerometer non-wear time was defined as 
consecutive zero counts of 90 minutes or longer, allowing for a 2-min interval of nonzero counts in 
between two windows of at least 30-minutes of zero counts346. Data were considered valid if the 
accelerometer was worn for at least 80% of waking hours347 on at least three days of the week, 
including at least one weekend day348. Accelerometer data over 2,019 cpm was defined as 
accelerometer-derived MVPA (Ac-MVPA). Weekly Ac-MVPA (Ac-MVPA/week) was calculated 
by taking the weighted average of weekday and weekend day averages: Ac-MVPA/week = 
[(Average weekday Ac-MVPA)*5 + (Average weekend day Ac-MVPA)*2]/7.  
4.2.2 Analysis 
A linear least squares regression was performed on Sr-MVPA/week and Ac-MVPA/week for 
participants who provided valid data for both measures. The regression line represents the 
‘consensus’ of the relationship between self-reported and accelerometer-derived PA. Regression 
outliers can be defined by their ‘distance’ from the regression line. The orthogonal distance 
between each data point and the regression line was used to detect outliers. The orthogonal distance 
represents the shortest Euclidean distance from each point to the regression line, and is shorter than 
the traditional vertical distance (i.e., traditional regression residual) or horizontal distance.  
The orthogonal distances from the regression line were calculated by vertically translating the data 
so that the regression line passed through the origin, and rotating the data at an angle given by θ = -
arctan(β), where β is the slope coefficient of the regression. This transformation operation is given 
by: 
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where (x, y) are the pre-transformation coordinates of Sr-MVPA/week and Ac-MVPA/week, C is 
the regression constant (y-intercept), and (x’, y’) are the transformed coordinates. The original and 
transformed data, and the regression and prediction intervals, are shown in Figure 4.1. The residuals 
of the transformed data are therefore equivalent to the orthogonal distances of the original data. A 
histogram of the residuals of the transformed data is shown in Figure 4.2.  
 
Figure 4.1: Regressions of self-report and accelerometer-derived data.  
Original data (A) and transformed data (B), showing the regression line, and 95% prediction 
intervals 
 
Figure 4.2: Histogram of orthogonal residuals  
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Histogram of residuals of transformed data, representing the orthogonal distance of each original 
data point from the regression line. The overlayed normal distribution suggests that the residuals are 
non-normally distributed. 
Outliers were defined as data outside of the 95% prediction intervals of the regression. Prediction 
intervals are calculated based on an assumed underlying normal distribution. Visual inspection of 
the histogram of the orthogonal residuals (Figure 4.2), however, reveals a non-normal distribution, 
indicating that a non-parametric approach may be more appropriate. A distribution-free outlier 
scoring scheme was therefore used to estimate the probability that outliers were sufficiently far 
away from the regression line to justify the use of truncation rules. This scoring scheme involved 
performing N=1000 bootstrap simulations, in which the transformed data were randomly sampled 
to generate 1000 alternate data sets, each with the same sample size as the original data. For each 
bootstrap simulation, regressions and 95% prediction intervals were calculated. Two different 
bootstrap samples and their regression lines and prediction intervals and shown in Figure 4.3. An 
empirical probability (pemp) of Nextreme/Nincluded was assigned to each data point, where Nextreme is the 
number of simulations in which the data point was more extreme than the prediction intervals, and 
Nincluded is the number of simulations in which the data point was included. Outliers with a higher 
pemp therefore have a stronger justification for truncation.   
An optimal truncation value should favour truncation of data with high pemp while reducing 
truncation of data with low pemp. To investigate this, each outlier was assigned a continuous index 
calculated as the absolute difference between each outlier and the truncation value. These indices 
were then weighted by pemp, and summed over all outliers to generate an optimisation index for a 
range of truncation values from 20 to 50 hours/week, in increments of 0.5 hours. The truncation 
value for which this sum is minimised may represent the most appropriate truncation rule.  
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Figure 4.3: Bootstrap examples 
Examples of two individual bootstrap simulations (A and B). Circular markers represent 
transformed data; markers with dark edges represent data that were included in their respective 
bootstrap simulation, markers without edges represent data that were not included. Each bootstrap 
simulation was constructed from a random sample of the transformed data, and has the sample size 
as the original data. Note that not all data were included in the bootstrap simulations, indicating that 
some data were chosen multiple times in each simulation. The regression calculation for each 
bootstrap is performed on chosen data only. 
4.3 Results 
A total of 94 participants provided self-report data, and valid accelerometer data. The median Ac-
MVPA/week was 24 minutes (IQR=11 to 48; range=0 to 181); the median Sr-MVPA/week (not 
including yard work) was 5.2 (IQR=1.7 to 13; range=0 to 52). The results from the bootstrap 
analysis for the transformed data are shown in Figure 4.4A, and superimposed onto the original data 
in Figure 4.4B. Data identified as outliers, and their empirical probabilities are shown in Table 4.1. 
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Figure 4.4: Results from the outlier detection and scoring routine 
Results from the outlier detection and scoring routine for transformed data (A) and original data 
(B). Self-reported physical activity (PA) was calculated excluding yard work. Shown are the 
regression line, outliers, and 95% prediction intervals for each of the N=1000 bootstrap samples. 
The 95th percentile of the bootstrap intervals are shown in dash-dot lines; the bootstrap interval 
corresponding with the Active Australia truncation guideline (29th percentile of the upper 
prediction intervals) is shown in dotted lines. 
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Table 4.1: Empirical probabilities of outliers 
Questionnaire 
data 
(hours/week) 
Accelerometer 
data 
(minutes/week) 
Number of 
times 
chosen in 
bootstrap 
Number of 
times 
defined as 
outlier 
Empirical 
probability 
(pemp) 
38 11 616 601 0.976 
38 18 646 626 0.969 
41 53 646 528 0.817 
52 109 632 487 0.771 
30 11 660 244 0.370 
28 0 626 182 0.291 
32 55 650 40 0.062 
13 154 647 5 0.008 
17.75 181 608 3 0.005 
35 108 615 2 0.003 
30 72 639 2 0.003 
20 3 642 1 0.002 
Note: Outliers more extreme than the lower prediction interval are bolded; shaded rows represent 
data greater than Active Australia truncation guidelines of 28 hours/week. Self-reported physical 
activity (PA) was calculated excluding yard work. 
All Sr-MVPA/week data that were greater than the Active Australia truncation guideline of 28 
hours/week were outliers, and may therefore have empirical justification for truncation. Self-report 
data greater than 28 hours/week had values of 52, 41, 38, 38, 35, 32, 30, and 30 hours/week, and 
empirical probabilities of 0.771, 0.817, 0.976, 0.969, 0.003, 0.062, 0.370, and 0.003, respectively. 
Because of the positive gradient between Sr-MVPA/week and Ac-MVPA/week, higher self-
reported values did not necessarily correspond with higher pemp.  
A truncation value of 33.5 hours/week minimised the absolute difference between outliers and the 
truncation value (Figure 4.5). When weighting the absolute differences by each outlier’s pemp, a 
more conservative truncation value of 38 hours/week results. Four Sr-MVPA/week data had a value 
of more than 38 hours/week; the lowest pemp for these data was 0.77. 
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Figure 4.5: Suggested truncation value  
Optimisation indices for a range of threshold values calculated as the sum of the absolute 
differences between outliers and the truncation value. Black markers show indices weighted by 
empirical probabilities. Dotted lines highlight the truncation value at the minimum index. Self-
reported physical activity (PA) was calculated excluding yard work. 
A total of 27 participants reported yard work in the previous week, the median of which was 2 
hours (IQR=1 to 4), and ranged up to 14 hours. When yard work was included in the calculation of 
Sr-MVPA/week, the median was 5.9 hours (IQR=2.0 to 15.3; range=0 to 66). When using Sr-
MVPA/week including yard work, the minimum optimisation index calculated using the weighted 
sum of absolute differences remained at 38 hours/week.  
4.4 Discussion 
The aim of this analysis was to assess PA questionnaire truncation rules for adults with mental 
illness. This was done by using the regression as the consensus of the relationship between 
accelerometer-derived PA and self-reported PA, and assessing the probability that outliers deviated 
further from the consensus than could be expected by chance alone. I used the orthogonal distance 
from the regression line, because both self-report and accelerometer-derived estimates of PA may 
be subject to bias and measurement error. Using just the vertical distance would assume that 
accelerometry was a gold-standard predictor of self-reported PA. The orthogonal distance accounts 
for deviation from the consensus in both the x and y axes, and is more conservative than either the 
vertical or horizontal distance.   
We used a distribution-free bootstrapping procedure to define outliers, and to assign empirical 
probabilities: Data more extreme than the 95% prediction intervals of any of the 1000 bootstrap 
simulations were defined as outliers. Empirical probabilities (pemp) were assigned to outliers as a 
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measure of the degree of deviation from the consensus. Data management guidelines for the Active 
Australia questionnaire are to truncate Sr-MVPA/week to 28 hours/week; in our sample, one 
participant had Sr-MVPA/week of 28 hrs/week, and Ac-MVPA/week of 0 min/week, which 
corresponded with pemp=0.29. All Sr-MVPA/week data greater than 28 hours/week were more 
extreme than the prediction intervals, however, some had lower empirical probabilities: for 
example, one Sr-MVPA/week datum of 35 hours/week had pemp=0.003. This is because this 
participant was more active as measured by accelerometry (108 minutes/week), and Ac-
MVPA/week and Sr-MVPA/week were positively correlated. There was therefore less empirical 
justification for truncating this participant’s self-reported data.  
Because pemp represents the likelihood that a self-reported datum deviated from the consensus by 
more than just chance (e.g. due to over-reporting), truncation criteria should be based on pemp, rather 
than an absolute truncation value. Where accelerometer data is unavailable for comparison, an 
absolute truncation value of 38 hours/week could be used. This criterion was determined by 
minimising the absolute difference between the outliers and the truncation value, weighted by the 
empirical probabilities. This truncation value did not change when self-reported yard work was 
included in the calculation of Sr-MVPA/week. 
I used data from a sample of adults across a range of mental illnesses. Adults with mental illness 
may report PA differently to the general population due to impairment of cognition and memory 
associated with some disorders, so these results may not be generalisable. A major limitation is that 
participants self-reported PA for the week prior to accelerometer wear; the measurement periods are 
therefore not concurrent. This may be exemplified by the two outliers that were more extreme than 
the lower predication bounds. These data may be outliers due to under-reporting of PA, or 
error/bias in accelerometer-derived PA (e.g. caused by participants taking the monitor off during 
activity); however, it could also be caused by actual differences in activity between the two 
measurement periods. Another limitation is the relatively small, convenience sample (n=94). The 
analysis employed here is distribution-free, and can be used to assess the appropriateness of 
truncation rules for other PA questionnaires, and in other population groups. Future investigation 
into the use of truncation rules in questionnaire data would benefit from a larger sample recruited 
using random sampling, and concurrent self-report and accelerometer measurement periods. 
4.5 Conclusions 
This is the first study to statistically investigate the use of questionnaire truncation rules for PA self-
report measures in adults with mental illness. Although these initial findings are intriguing, a larger 
cohort with concurrently obtained self-report and accelerometer data is necessary to inform the 
application of questionnaire truncation rules in this group. An analytical approach was presented 
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that could be used to provide empirical justification for the use of truncation rules in PA recall 
questionnaires. Our data show that the truncation value for the calculation of total MVPA/week 
recommended in the Active Australia questionnaire could be extended out to 38 hours/week. 
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5 Physical activity and sedentary behaviour of adults with mental illness 
Overview 
Data and analyses presented in previous chapters indicate that adults with mental illness engage 
well with accelerometry and self-report PA and SB data collection methods. Accelerometry data 
management procedures should consider the proportion of waking hours that participants wear the 
monitor each day, rather than the duration of wear time. The Active Australia questionnaire 
truncation guidelines may be justified, given that our analyses only identified outlier data exceeding 
the recommended truncation rule, however, the truncation value could be increased.   
In Chapter 5, accelerometer and self-report data are presented from the same cohort of adults with 
mental illness. The accumulation of PA and SB in different contexts and domains is specifically 
assessed. This chapter addresses the third PhD objective: To assess the levels of PA and SB in 
adults with mental illness. 
Chapter 5 has been accepted for publication in the Journal of Science and Medicine in Sport. The 
citation is: 
Chapman, J.J., Fraser, S.J., Brown, W.J., & Burton, N.W. (2015). Physical activity and 
sedentary behaviour of adults with mental illness. Journal of Science and Medicine in Sport. 
19:579-584, doi: 10.1016/j.jsams.2015.07.017  
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5.1 Abstract 
Objectives: To assess physical activity (PA) and sedentary behaviour (SB) in non-institutionalised 
adults with mental illness, using a combination of self-report and objective measures. Methods: 
Participants completed PA questionnaires (time spent walking for transport, walking for recreation, 
gardening, vigorous-, and moderate-intensity activities), and SB questionnaires (time spent sitting 
for TV, travel, work, computer use; and reclining). Participants also wore an accelerometer for 7-
days. Accelerometry estimates of time spent in SB, light activity, and moderate-to-vigorous activity 
(MVPA), bout durations, and breaks in sedentary time, were calculated. Results: 142 participants 
completed the questionnaires. The median time spent in self-reported MVPA and SB was 4.5 
hours/week and 10.7 hours/day respectively. Walking for transport, and sitting to watch TV, 
contributed most to self-report estimates; time spent reclining was an important contributor to SB. 
99 participants completed the accelerometry. The median time spent in accelerometer-derived 
MVPA and SB was 26 minutes/day and 9.2 hours/day respectively; 7% of MVPA time was in bouts 
of 10 minutes or more, and 34% of SB time was in bouts of over 20 minutes. Conclusions: A high 
proportion of participants reported activity levels consistent with physical activity guidelines; 
however, a small proportion of activity was accumulated in bouts of 10 minutes or more. 
Participants also had high levels of SB, about one-third of which was accumulated in bouts over 20 
minutes.  PA and SB interventions for this group could target increasing recreational walking, and 
reducing television time. 
5.2 Introduction 
Adults with mental illnesses have a shorter life expectancy than the general population33, and 
increased risk of chronic disease25. Physical activity (PA) can protect against these outcomes349, and 
reduce depression and anxiety250. High levels of sedentary behaviour (SB) are associated with 
increased risk of morbidity and all-cause mortality161, and may also be associated with poor mental 
health123. It is therefore important to understand the levels of PA and SB of adults with mental 
illness. 
Most studies of PA and SB in adults with mental illness have used self-report measures only. These 
studies have commonly assessed the frequency (e.g. times/week) and intensity of activities43,131,199, 
or have only reported categories of total activity25,200.  Few studies have reported on the self-
reported duration of PA201,202, which is important for determining adherence to PA guidelines, and 
identifying the most common contexts of PA participation. A questionnaire study with 21 
community-based adults with mental illness reported that walking comprised the greatest, and 
leisure-time activity the lowest, proportion of moderate-to-vigorous physical activity (MVPA)201.  
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Another questionnaire study with 194 outpatients with schizophrenia, found low engagement in 
leisure-time sports, and similar self-reported values for weekdays and weekend days: ~12.6 
hours/day in sedentary and light (e.g. driving, shopping), ~1.3 hours/day in moderate, and ~0.3 
hours/day in vigorous activities202.  This study assessed combined sedentary and light activities202; 
however, distinguishing SB from light activity is important, given the different health-related 
implications161.  One study assessed self-reported SB, which found average sitting times of 5.1 
hours/day201; this study did not assess domain-specific sedentary behaviours, or time spent 
reclining. Self-report methods are, however, prone to reporting errors such as recall and social 
desirability bias350.  
Objective methods, such as accelerometry, allow for unbiased measurement, but few studies have 
used these in adults with mental illness. Accelerometry studies with sample sizes ranging from 46211 
to 165210 have reported mean times spent in SB ranging from 9.1 to 13.5 hours/day209-211, and 
MVPA ranging from 14 to 42 minutes/day209-212. Two studies also assessed bout durations of SB 
and MVPA: one found that adults with depression and/or anxiety accumulated 42% of SB in ≥20 
minute bouts, and 43% of MVPA in ≥10 minute bouts210; the other found that only 4% of a sample 
of adults with mental illnesses who’d accumulated at least 150 minutes/week of MVPA, did so in 
≥10 minute bouts212.  These studies have typically focused on samples of adults with specific 
psychiatric diagnoses, e.g. schizophrenia211, depression and/or anxiety210, and bipolar disorder209; 
one study was with adults with a range of diagnoses212. Accelerometry does not provide contextual 
information about PA and SB, which can be useful for intervention planning; for example, if active 
transport is found to be high, PA interventions may target recreational activity.  
Using a combination of self-report and objective measures may provide more comprehensive 
assessment; however, few studies have done so. One study with 54 adults with schizophrenia, found 
that participants reported a mean of 11.2 hours/week in PA (including low intensity), and that the 
most commonly reported activity was walking185. This questionnaire also assessed sitting time, 
however, this was operationalised as a ‘sitting index’, which does not provide information about the 
duration or context of sedentary behaviours. Accelerometer data from 16 participants indicated that 
8.9 hours/day was spent in SB, 32 minutes/day in moderate, and 4 minutes/day in vigorous 
activity185. 
Previous research suggests high levels of SB in adults with mental illness, with lower estimates 
from self-report measures than accelerometry (5.1 vs. ≥8.9 hours/day). Conversely, self-reported 
MVPA tends to be higher than accelerometry (~1.6 hours/day vs. 42 minutes/day). Differences in 
PA and SB estimates across studies could be due to differences in samples (e.g. diagnoses), or 
measures used. Most studies have been with participants with a specific diagnosis; assessing PA 
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and SB in diagnostically heterogeneous groups is important, because PA and SB intervention can 
benefit adults with a broad range of mental illnesses282. More research using self-report and 
objective measures with adults with mental illnesses is therefore needed to provide insight into how 
(e.g. bout durations, break frequency, measured intensity etc.), and in what context, PA and SB is 
accumulated for this group.   
The aim of this study was to assess the PA and SB of adults across a range of mental illnesses, 
using self-report and objective methods.  
5.3 Methods 
Ethical approval was obtained from The University of Queensland Behavioural and Social Sciences 
Ethical Review Committee (2012000908), and the Royal Brisbane & Women’s Hospital Human 
Ethical Review Committee (HREC/12/QRBW/286). Data were collected between October 2012 
and December 2013. 
This was a cross-sectional study. Individuals were approached in waiting rooms of five psychiatric 
outpatient clinics, and support groups of four community-based mental health organisations in 
Brisbane, Australia, and verbally invited to participate. Project posters were placed in waiting 
rooms, and interested people could contact the researcher directly, or staff members could refer 
interested clients. Eligible participants were non-institutionalised men and women who self-
identified as recovering from mental illness, were ambulatory, able to understand English, and over 
18 years of age.  People in visible distress or with severe intellectual impairment were not invited to 
participate.    
There were two study components; component 1 involved reporting PA and SB using self-
administered questionnaires. Participants could complete the questionnaires immediately or take 
them home; verbal agreement was taken as consent. Participants received an AUD$5 gratuity upon 
completion.  
The PA questionnaire was adapted from the Active Australia survey to have two walking items195.  
Respondents reported the total frequency and duration in the previous week of: a) walking for 
transport; b) walking for recreation; c) vigorous yard work; d) vigorous activity, and e) other 
moderate intensity activities. This version of the questionnaire has been shown to have moderate 
correlations with accelerometry (ρ=0.43–0.52) for mid-aged women351. Consistent with other state 
and national physical activity surveys, self-report data were truncated to limit potential over 
reporting195. Self-reported activity for each questionnaire item was truncated to 14 hours/week195. 
Self-reported moderate-to-vigorous activity in the previous week (Sr-MVPA/week) was calculated 
as the sum of time spent in walking (for transport and recreation/exercise), moderate activity, and 
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vigorous activity weighted by two (excluding yard work), and truncated to 28 hours/week195.  
Participants who reported at least 150 minutes of Sr-MVPA/week were classified as meeting PA 
guidelines69.  
The SB questionnaire was adapted from a questionnaire which asks about sitting time on each of a 
usual weekday and weekend day, in each of: a) traveling; b) at work; c) watching television; d) 
computer use; e) leisure time (not including TV)197.  The questionnaire has been shown to have high 
validity for sitting at work and computer use (r=0.69–0.74), for mid-aged adults197.  Because SB is 
typically defined to include reclining time, an additional item was added to assess reclining time, 
not including sleep (e.g. lying down due to stress, pain or boredom). Self-reported sedentary time 
for each questionnaire item was truncated to 12 hours/day, with the exception of sitting for travel, 
which was truncated to 8 hours/day. Individual questionnaire items were summed for weekdays and 
weekend days, and self-reported sedentary behaviour in a usual day (Sr-SB/day) was calculated as 
(usual weekday*5+usual weekend*2)/7, and truncated to 20 hours/day.  
Component 2 involved wearing an ActiGraph GT3X+ accelerometer on the right hip, 24 hours/day 
for seven consecutive days. During the monitoring period, participants recorded time to bed, time 
out of bed, and non-wear times, in a diary. The researcher (JC) met participants to demonstrate how 
to use the monitor, and measure height and weight. Accelerometer data from two pilot participants 
were included in the analysis. Participants provided written informed consent before data collection, 
and received an AUD$40 gratuity upon completion. 
Accelerometer vertical axis data were converted to counts per minute (cpm). Participants’ self-
reported time out of bed, and time to bed, were used to define their waking hours; only waking data 
were analysed. Accelerometer non-wear time was identified from diaries, and from consecutive 
zero counts ≥60 minutes. Data were considered valid if the accelerometer was worn for at least 90% 
of waking hours on at least four days of the week, including at least one weekend day.  
Accelerometer-derived sedentary behaviour (Ac-SB), light, and moderate-to-vigorous activity (Ac-
MVPA), were defined as 100 cpm, 101–2,019 cpm, and >2,019 cpm, respectively. Daily averages 
of Ac-SB and Ac-MVPA (Ac-SB/day and Ac-MVPA/day) were calculated. For ease of comparison 
with Sr-MVPA/week, Ac-MVPA/day was converted to a weekly measure, by multiplying by seven 
(Ac-MVPA/week).   
Bouts of Ac-MVPA and Ac-SB were defined as successive accelerometer data above, and below, 
their respective thresholds (>2,019 cpm, and 100 cpm). Bouts of Ac-MVPA 10 minutes or longer 
were identified, consistent with some PA recommendations213, and bouts of Ac-SB longer than 20 
minutes were identified as prolonged bouts, given that breaks in sedentary time every 20 minutes 
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can confer health benefits157. The data between successive Ac-SB bouts (≥1-minute) were defined 
as sedentary breaks; the mean number, duration, and intensity of sedentary breaks, were 
calculated156.  
Demographic questionnaires were used in both study components. Participants indicated psychiatric 
diagnosis from a list of: depression, anxiety (e.g., post-traumatic stress disorder, panic attack, 
obsessive compulsive disorder, generalised anxiety disorder), psychoses (e.g., schizophrenia, 
schizoaffective disorder), substance use (e.g., drug, alcohol), eating disorder, bipolar disorder, or 
other (please specify). Level of distress was assessed using the Kessler-6 scale; scores range from 6 
to 30, with scores over 15 indicating high distress304.   
Participants’ demographic characteristics were compared across study components using chi-
squared and t-tests. Wilcoxon signed-rank tests were used to compare the reported frequencies, and 
truncated durations of questionnaire items. Due to the potential for researcher administration to 
influence self-report results, questionnaire data for participants who requested assistance were 
compared with those that self-administered, using Mann-Whitney tests. Accelerometer-derived 
outcomes were weighted by the number of valid days of accelerometry for each participant, to 
generate group summary statistics. Spearman’s rank order correlations and Wilcoxon tests were 
used to compare Sr-MVPA/week with Ac-MVPA/week; because SB data were normally 
distributed, t-tests were used to compare Sr-SB/day with Ac-SB/day.  Accelerometer data reduction 
was performed using MATLAB 2011b (The MathWorks, Inc., Natick, Massachusetts, United 
States), and SPSS v.22 (SPSS Inc, Chicago, Illinois) was used to generate descriptive statistics and 
perform statistical tests.  
5.4 Results 
Of the 425 individuals invited or referred to the study, 142 (33%) completed the questionnaires, 
55% of whom were recruited from hospital sites; no information is available on those who declined. 
Most questionnaire participants (79%; n=112) consented to the accelerometer component; attrition 
for the accelerometry was 12%. Of those who completed the accelerometry, 47% were recruited 
from hospital sites. Participants who completed the accelerometry were similar on age (mean=40 
vs. 40 years), sex (female=47% vs. 35%), BMI (mean=30 vs. 26), and distress (mean=15 vs. 16) to 
those who declined or withdrew, and less likely to have a psychotic or substance use disorder (56% 
vs 100%; p=0.003) than those who withdrew. Just under half of the sample reported multiple 
psychiatric diagnoses; the most common co-occurring diagnosis was depression, followed by 
anxiety. Demographic characteristics are summarised in Table 5.1. 
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One participant was unable to provide responses; therefore 141 questionnaires were analysed. 
Truncation was applied to 5.7%, 5.0%, 1.4%, 1.4%, and 2.1% of responses for the items walking for 
transport, walking for recreation, yard work, vigorous activity, and moderate activity, respectively; 
Sr-MVPA/week was truncated for 11.3% of participants. For each of these items, truncated values 
ranged from: 14-70, 16-60, 40-100, 18-200, 18-100, and 28-70 hours/week, respectively.  The 
median Sr-MVPA/week was 4.5 hours/week (IQR=1.8-12). Respondents reported a higher 
frequency (sessions/week) for walking for transport than other PA items (p<0.001). Longer 
durations were also reported for walking for transport than other PA items (p<0.001), with a 
median of 2 hours/week (IQR=0.7-5). At least 150 minutes/week of Sr-MVPA/week was reported 
by 99 (70%) participants, 74 (52% of total) of whom reported doing so in 5 or more sessions. Few 
participants (7%) reported no activity. 
The 25 participants who provided SB data, and requested assistance, reported similar sedentary 
times (for each domain, and total) to those who did not request assistance (p>.12); data from all 
participants who provided responses were therefore included in the analyses (n=138).  Truncation 
was applied to 2.2%, 2.2%, 1.4%, 0%, 0%, and 0.7%, of responses for the items: sitting to watch 
TV, sitting for travel, lying down (not sleep), sitting at a computer, sitting for work, and sitting for 
other reasons, respectively; Sr-SB/day was truncated for 6.5% of participants. For each of these 
items, truncated values ranged from: 12-15, 8-19, 15-22, NA, NA, 14-14, and 21-35 hours/day, 
respectively. The median Sr-SB/day was 10.3 hours/day (IQR=6.3-14.5). The most frequently 
reported behaviours were: sitting for travel (96%), sitting to watch TV (88%), and sitting for other 
reasons (87%). Longer durations were reported for sitting to watch TV, than for other domains 
(p<0.001), with a median of 2.8 hours/day (IQR=1.3-4.6). Time spent reclining contributed more to 
Sr-SB/day than sitting at work, Z=6.686, p<0.001, or computer use, Z=2.354, p=0.019. 
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Table 5.1: Participant characteristics 
 Questionnaire (n=142) Accelerometer (n=101) 
Age in years; mean (SD) 40.1 (11.5) 
range=18-71 
40.3 (11.4) 
range=18-71 
 n (%) n (%) 
Female  61 (43%) 47 (47%) 
Self-reported diagnosis    
Number of diagnoses reported   
 1 75 (53%) 54 (53%) 
 2 42 (30%) 29 (29%) 
 3-5 25 (17%) 18 (18%) 
Single diagnosis reported   
 Psychoses 46 (33%) 29 (29%) 
 Depression 12 (10%) 9 (9%) 
 Bipolar disorder 10 (7%) 10 (10%) 
 Anxiety 5 (4%) 4 (4%) 
 Substance use 1 (1%) 1 (1%) 
 Eating disorder 0 (0%) 0 (0%) 
 Other (personality disorder) 1 (1%) 1 (1%) 
Multiple diagnoses reported a   
 Depression 55 (39%) 42 (38%) 
 Anxiety 38 (30%) 32 (32%) 
 Psychoses 31 (22%) 17 (17%) 
 Substance use 17 (12%) 13 (13%) 
 Other b 9 (6%) 7 (7%) 
 Bipolar disorder 7 (5%) 7 (7%) 
 Eating disorder 7 (5%) 4 (4%) 
Distress c   
   High distress  64 (45%) 44 (44%) 
Education   
 Did not complete high school 53 (37%) 34 (34%) 
 High school 27 (19%) 22 (22%) 
 College certificate/diploma 40 (28%) 31 (31%) 
 Tertiary degree (University) 22 (16%) 14 (14%) 
Employment   
 Full-time/part-time 17 (12%) 12 (12%) 
 Volunteer 13 (9%) 9 (9%) 
 Student  14 (10%) 9 (9%) 
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 Homemaker/retired 10 (7%) 8 (8%) 
 Unable to work 59 (42%) 41 (41%) 
 Unemployed / looking for work 29 (20%) 22 (22%) 
Physical health   
 Poor/fair  94 (67%) 72 (72%) 
 Good   36 (25%) 23 (23%) 
 Very good  12 (9%) 6 (6%) 
Smoker status   
 Daily/occasionally 85 (60%) 57 (57%) 
 Never/ex-smoker 57 (40%) 44 (44%) 
BMI (kg/m2) d   
 <18.5 - 2 (2%) 
 18.5 – 24.9 - 19 (19%) 
 25 – 29.9   - 31 (31%) 
 >30 - 49 (50%) 
a Individual diagnoses reported by those who reported multiple diagnoses, hence, the proportions 
sum to greater than 100%. 
b Other reported diagnoses were personality disorder for all but two participants from both the 
questionnaire and accelerometer sample: one reported attention deficit hyperactivity disorder 
(ADHD), the other reported Asperger’s syndrome. 
c Distress was assessed using the Kessler-6 scale; scores range from 6 to 30, with scores over 15 
indicating high distress24. 
d BMI: Body Mass Index calculated as weight (kg) / height (m)2. Height and weight were measured 
for participants of accelerometer study only.  
Self-reported PA statistics are summarised in Figure 5.1. Self-reported SB summary statistics are 
presented in Figure 5.1. One-fifth of participants (n=29) requested assistance (e.g. recall prompts) to 
complete the SB questionnaire, four of whom were unable to provide responses.  
Chapter 5 
 
81 
 
Figure 5.1: Self-reported physical activity and sedentary behaviour  
Lower and upper whiskers represent the outermost datum within 1.5 x interquartile range (IQR) 
from the 1st and 3rd quartile, respectively; numbers next to the median line, and box edges, represent 
the median value, and 25th-75th percentiles; diamonds represent the mean, and circles represent 
outliers. A: Durations of self-reported physical activity in the previous week (n=141). Light grey 
boxplots represent self-reported durations for each of the five questionnaire items; the dark grey 
boxplot represents total self-reported moderate-to-vigorous activity in the previous week (Sr-
MVPA/week), calculated as the sum of walking (for transport or recreation), vigorous activity, and 
moderate activities. B: Durations of self-reported sedentary behaviour in a usual day (n=138). Light 
grey boxplots represent self-reported durations for each of the six questionnaire items; the dark grey 
boxplot represents total self-reported sedentary behaviour for a usual day (Sr-SB/day), calculated as 
the sum of all six questionnaire items. 
One participant’s accelerometer data were lost due to an accelerometer fault, and one participant 
only wore the monitor to sleep. Of the 99 participants who wore the monitor during waking hours, 
75 (76%) met the minimum wear-time criteria; these participants were older than those without 
valid data (mean=42 vs. 34 years; p=0.002), but similar on sex (female=47% vs. 50%), BMI 
(mean=30 vs. 31), and distress (mean=15 vs. 16). The median number of valid days for these 
participants was 6 (IQR=6-7), and the median proportion of waking hours that participants wore the 
monitor was 98% (IQR=97-99%; range=93-100%). Participants spent a median of 26 minutes/day 
(IQR=12-52) in MVPA (3%, IQR=1-7% of wear-time), 7% (IQR=0-21%) of which was 
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accumulated in ≥10 minute bouts. Light activity accounted for just under a third of wear-time 
(Med=30%, IQR=25-38%). Participants spent a median of 9.2 hours/day (IQR=7.9-10.6) sedentary 
(65%, IQR=58-72% of wear-time), over a third of which (Med=34%, IQR=25-42%) was 
accumulated in >20 minute bouts. Participants recruited from community-based sites had higher 
SB, U=925, p=0.017, r=0.28, and lower MVPA, U=503, p=0.036, r=0.24, than those recruited from 
hospital sites. The median number of sedentary breaks/day was 87 (IQR=77-102), the median break 
length was 3.3 (IQR=2.7-3.9) minutes, and the median break intensity was 533 (IQR=438-619) 
cpm, which is light intensity.  
Of the 75 participants who met the minimum wear-time criteria, 73 completed the PA 
questionnaire, and 71 completed the SB questionnaire; self-report and accelerometry estimates of 
PA and SB were compared for participants that provided valid data for both measures. Graphical 
comparisons of Sr-MVPA/week and Ac-MVPA/week, and Sr-SB/day and Ac-SB/day, are presented 
in Figure 5.2. Sr-MVPA/week was higher than Ac-MVPA/week, Z=3.604, p<0.001, and 
moderately correlated, rs(71)=0.44, p<0.001. Sr-SB/day was higher than Ac-SB/day, t(70)=2.70, 
p=0.009, d=0.42, without significant correlation, r(69)=0.21, p=0.08.  
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Figure 5.2: Comparison of self-reported and objectively measured physical activity and sedentary 
behaviour. 
Lower and upper whiskers represent the outermost datum within 1.5 x interquartile range (IQR) 
from the 1st and 3rd quartile, respectively; numbers next to the median line, and box edges, represent 
the median value, and 25th-75th percentiles. Diamonds represent the mean, and circles represent 
outliers. A: Comparison of estimates of moderate-to-vigorous activity for the 73 participants who 
provided valid data for both the accelerometer and questionnaire: i) Self-reported moderate-to-
vigorous activity for the week preceding accelerometry (Sr-MVPA/week); mean=8.5 hours/week 
(SD=8.8); ii) Accelerometer-derived moderate-to-vigorous activity per week (Ac-MVPA/week); 
mean=4.3 hours/week (SD=4.0). B: Comparison of estimates of sedentary behaviour for the 71 
participants who provided valid data for both the accelerometer and questionnaire: i) Self-reported 
sedentary behaviour in a usual day (Sr-SB/day); mean=10.6 hours/day (SD=4.7); ii) Accelerometer-
derived sedentary behaviour per day (Ac-SB/day); mean=9.1 hours/day (SD=1.9). 
5.5 Discussion 
Most participants (70%) self-reported at least 150 minutes/week of MVPA. Other studies have 
found a lower proportion meeting PA recommendations, however, researchers have operationalised 
“recommendations” differently, e.g. one study reported that 39% of their sample engaged in at least 
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20 episodes of PA per month199. The Active Australia survey has not been validated in adults with 
mental illness, and Sr-MVPA/week was truncated for more than 10% of participants, indicating that 
over-reporting may be high. I truncated self-report data consistent with the guidelines for the 
questionnaire; however, we are not aware of studies on the appropriateness of the specific 
truncation values for adults with mental illness. The most common type of activity was walking for 
transport, which is in agreement with other research185,199,201. PA interventions for adults with 
mental illness could target increasing recreational walking. Future research could investigate 
walking cadence, given previous research indicating its impact on health352.  
Questionnaire data indicated that participants were highly sedentary. This study is the first to report 
SB in six domains, including time spent reclining. Sitting to watch TV contributed most to SB, and 
sitting for travel was most frequently reported. Reclining time, not including sleep, was an 
important contributor to SB, more so than sitting for work or computer use, which may be due to 
low rates of employment. The SB questionnaire has not been validated in adults with mental illness, 
and truncation was applied to more than 6% of responses, potentially indicating over-reporting. 
High levels of SB in adults with mental illness could be due to medication side-effects (e.g. 
lethargy, weight gain), symptoms of mental illness (e.g. avolition, anhedonia, psychomotor 
retardation), and socio-behavioural issues (e.g. social isolation, low self-esteem or self-confidence). 
Reducing or breaking-up reclining and TV time could be a target of SB interventions for this group.   
This study extends previous accelerometry research by assessing bout characteristics: one third of 
SB was accumulated in prolonged bouts, and participants tended to break up SB with short bouts of 
light activity, which may have health implications, given that previous research has shown that 
interrupting SB every 20 minutes is beneficial157. Only a small proportion of accelerometer-derived 
MVPA time was accumulated in at least 10 minute bouts, indicating that participants may report 
short-duration bursts of incidental activity. In this study, self-reported MVPA was greater than 
accelerometer-derived MVPA; however, the questionnaire asked about the week preceding the 
accelerometry period, and may reflect actual differences in behaviour. The poor correlation between 
self-report and accelerometry measurements of SB may indicate difficulties using SB 
questionnaires in this group333.  
A strength of this study is the diagnostically heterogeneous sample recruited from both community 
and hospital settings, which increases generalizability; however, a convenience sample was used 
instead of a random sample, therefore the sample may not be representative. This heterogeneity 
likely contributed to the differences in self-reported and accelerometer-derived PA and SB between 
this and previous studies. Differences in self-report data across studies could also be due to different 
recall periods; the questionnaire used in this study asked about PA in the previous week, while 
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others have asked about a usual day202, and a typical week185. Comparability across studies would 
be enhanced by use of standardised PA and SB questionnaires designed for use, and validated, with 
adults with mental illness. Medical comorbidities may influence engagement in PA and SB through 
pain and mobility restrictions353,354. Further, some psychiatric medications have side-effects, such as 
sedation, cognitive impairment, and emotional flattening11,12, which may influence PA and SB. 
Future research could assess the influence of medical comorbidities and psychiatric medications on 
the PA and SB patterns of adults with mental illness.   
5.6 Conclusions 
This study extends previous research by assessing PA and SB bout characteristics in accelerometer 
data, which can have different health implications. The context of accumulating PA and SB was 
also assessed, which can inform PA and SB interventions. Adults with mental illness spend about 
two-thirds of their waking time sedentary, a third of which is accumulated in prolonged bouts. 
Watching TV contributes most to SB, and time spent reclining is an important contributor to SB. 
The most common activity was walking; few participants engaged in other moderate or vigorous 
activities. In view of the demonstrable mental health benefits of PA, people involved in the care of 
adults with mental illness should encourage replacing some sedentary activities with moderate-
vigorously active pursuits. 
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6 Physical activity preferences, motivators, barriers and attitudes of adults with mental 
illness 
Overview 
The use of appropriate research methods and analytical techniques are important for accurate 
measurement of PA and SB, to assess the necessity for PA intervention, and measure behaviour 
change in response to interventions. Data, analyses, and interpretation of results relevant to 
measuring PA and SB patterns in adults with mental illness were presented in Chapters 2, 3, 4 and 
5. Data presented in Chapter 5 indicated that although many participants with mental illness were 
meeting physical activity recommendations, only a small proportion were accumulating PA in bouts 
of at least 10 mins, and walking for transport contributed most to self-reported PA. This short bout 
duration and low intensity of PA may be insufficient for physiological changes associated with 
health benefits, and more structured exercise may be needed.  
To inform the design of PA intervention, it is important to consider the PA preferences, motivators, 
barriers and attitudes in this group. Data on the PA preferences, motivators, barriers and attitudes of 
the same cohort of adults with mental illness are presented in Chapter 6. These were assessed using 
self-administered questionnaires with closed-item questions. Given that adults with mental illness 
who are experiencing high psychological distress may be at higher need of PA intervention, and 
may be more difficult to engage, the association between distress and PA preferences, barriers, and 
sources of support were assessed. This chapter addresses the fourth PhD objective: To assess the PA 
preferences, motivators, barriers and attitudes of adults with mental illness. 
 
Chapter 6 has been accepted for publication in the Journal of Mental Health. The citation is: 
Chapman, J.J., Fraser, S.J., Brown, W.J., & Burton, N.W. (2015). Physical activity preferences, 
motivators, barriers and attitudes of adults with mental illness. Journal of Mental Health. 
25(5):448-454, doi: 10.3109/09638237.2016.1167847 
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6.1 Abstract 
Background: Adults with mental illness may have specific attitudes toward physical activity (PA). 
Aims: To assess the PA attitudes of non-institutionalised adults with mental illness, and associations 
with psychological distress. Method: Participants completed questionnaires on activity preferences 
(type, context, and sources of support), motivators, barriers, and attitudes toward personal training 
(PT). Relationships between responses and distress were assessed using logistic regressions. 
Results: 142 participants completed the questionnaires. PA context preferences included activities 
done close to home, outdoors, with professional instruction, with people of the same ability, as part 
of a healthy lifestyle program, and with a social component. The most commonly endorsed source 
of support was an exercise instructor. Most respondents had never received PT; however, PT had 
high acceptability. Common barriers included poor physical and mental health, and lack of money. 
Distress was positively associated with barriers of poor mental health, tiredness, disorganisation, 
exhaustion, and being shy/embarrassed (p.001). Conclusions: Local outdoor walking groups that 
include social and healthy lifestyle components, and that are led by an exercise instructor who can 
provide support for overcoming barriers, may best meet PA interests of this group. PT could be an 
acceptable method for offering individualised support.  
6.2 Introduction 
Adults with mental illnesses have a lower life expectancy than the general population27,28, and 
increased risk of chronic disease25,36,37. Physical activity (PA) can protect against, and help manage, 
these outcomes311,349,355, enhance mental health and well-being126,313, and reduce symptoms of 
depression and anxiety 250,267. Despite the potential for PA to positively influence health and 
wellbeing, studies indicate that adults with mental illness have low levels of PA356.  More work is 
needed, therefore, to develop appealing PA interventions for this group. Adults with mental illness 
may have specific attitudes toward PA which could influence adoption, adherence, and maintenance 
of an active lifestyle. Although previous research has investigated correlates of PA216,217, which can 
be used to identify potential mechanisms of change, understanding the PA preferences and attitudes 
of adults with mental illness may inform the style and delivery of intervention planning for this 
group.  
Adults with mental illness generally enjoy PA, believe in its benefits, and have a desire to be more 
active243. When included as a part of mental health treatment, patients regard PA as a valuable 
therapeutic component, and express a desire to continue exercising224. Perceived benefits of PA 
include improved sleep, feelings of accomplishment, relaxation and lower stress levels, higher 
energy levels, improved self-confidence and self-esteem, and daily structure225,228,230,234. Commonly 
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reported motivators include weight management, social interaction, and the potential to improve 
energy levels225,230, and commonly reported barriers include medication side effects (e.g. sedation, 
weight gain), mental illness symptoms, and low self-confidence, self-efficacy, and 
motivation231,239,244. Those who participate in exercise programs identify a socially inclusive 
environment222,223, low cost with transport provided222, incorporating a “buddy” system234,244, 
sessions in small groups with a friendly instructor230,247, and tailoring to individual preferences and 
ability228,236,  as enablers to participation. Many of the studies with adults with mental illness have 
had small sample sizes (n<34) and focused on patients with a specific diagnosis (e.g. depression, 
schizophrenia).  
Few studies have investigated detailed PA context preferences among adults with mental illness. A 
UK survey study found that equal numbers of respondents preferred individual and group 
activities243, but other context preferences (e.g. outdoors, done with people of the same sex etc.) 
were not examined243. A population-based study indicated that psychologically distressed 
individuals were more likely than those without distress to prefer supervised activities, activities 
done with people of the same sex, and activities done at a fixed time with scheduled sessions248. 
However, this study used a measure of non-specific distress, and did not specifically target adults 
with mental illness. 
Few studies have investigated attitudes of adults with mental illness toward specific sources of 
support. A UK survey study reported that most respondents agreed that they would exercise more if 
they could talk with an exercise instructor, or be advised by their doctor, but thought they would 
receive little help from family or friends243. We are not aware of studies that have investigated 
personal training (PT) as a specific source of support. Qualitative studies have found that 
participants identify acknowledgement of progress, monitoring of attendance, humour, and 
providing esteem support in the form of verbal encouragement and reinforcement357, as effective 
exercise facilitator styles228,230,234. A survey of physical therapists also identified the importance of 
esteem support from health professionals and promoting enjoyment and autonomy358.  
The aim of this study was to assess the PA preferences (type, context, and sources of support), 
motivators and barriers, and attitudes toward PT, of adults with mental illness. To inform the 
development of PA interventions in those with high distress, a secondary aim was to assess the 
relationship between distress and PA context preferences, sources of support, and barriers. It was 
hypothesised that adults with mental illness experiencing higher psychological distress would have 
qualitatively different PA attitudes and opinions, to those with lower distress.  
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6.3 Method 
6.3.1 Design 
This was a cross-sectional study. Ethical approval was obtained from The University of Queensland 
Behavioural and Social Sciences Ethical Review Committee (2012000908), and the Royal Brisbane 
& Women’s Hospital Human Ethical Review Committee (HREC/12/QRBW/286). 
6.3.2 Recruitment  
Individuals were approached in hospital waiting rooms of five psychiatric outpatient clinics, and at 
support groups of four community-based mental health organisations in Brisbane, Australia, and 
verbally invited by the researcher (JC) to participate. People in visible distress or with severe 
intellectual impairment were not invited to participate. Eligible participants were non-
institutionalised men and women who self-identified as recovering from mental illness, were 
ambulatory, able to understand English, and over 18 years of age. 
6.3.3 Procedure 
Participants completed self-administered questionnaires about PA preferences (type, context, and 
sources of support), motivators, and barriers, and attitudes toward PT. Participants could ask 
questions, and the researcher provided verbal assistance with item comprehension. The researcher 
checked each questionnaire for completeness, and encouraged responses for missing data. 
Participants could complete the questionnaire immediately or take it home; verbal agreement and 
returning the completed questionnaire was regarded as consent. Participants received an AUD$5 
gratuity for completing the questionnaire.  
The questionnaire was piloted with five participants. Based on participant feedback, aspects of the 
design and wording of the survey were altered for clarity; these participants’ data were not included 
in the analysis.  Data were collected between October 2012 and December 2013.  
6.3.4 Measures 
Unless otherwise stated, questionnaire responses were on a 5-point Likert scale (strongly disagree, 
disagree, neither agree nor disagree, agree, and strongly agree). 
Preferences for activity type (e.g., walking, swimming) were assessed using 23 items, as shown in 
Table 6.2. Preferences for activity context were assessed using 18 items (shown in Table 6.3), that 
were adapted from a previously used questionnaire248. The preferred time of day for activity was 
assessed using six items: before 8am, 8-11am, 11am-2pm, 2-5pm, 5-8pm. Preferred sources of 
support were assessed using seven items (shown in Table 6.3): “I would be more active if: i) my 
doctor said that I should, ii) a psychologist or counsellor said that I should, iii) a support worker 
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came with me, iv) an exercise instructor guided me through each exercise session, and v) an 
exercise instructor told me how to exercise”. Attitudes towards personal training (PT), and preferred 
PT context, were assessed using seven items each, as shown in Table 6.4.  
PA barriers were assessed using 25 items (shown in Table 6.5), including 19 items from a 
previously published questionnaire359. PA motivators (e.g. to get fitter, to have more energy) were 
assessed using 16 items (shown in Table 6.2); participants rated each motivator on a 5-point Likert 
scale (not at all important, not really important, neutral, a little important, and very important). 
Questionnaires were used to obtain demographic information, and participants self-reported 
psychiatric diagnosis from a defined list: depression, anxiety, psychoses, substance use, eating 
disorder, bipolar disorder, or other (specified). Psychological distress was assessed using the 
Kessler-6 scale; scores range from 6 to 30304. 
6.3.5 Analyses 
Participant responses were collapsed onto a 3-point scale (strongly disagree/disagree, neither agree 
nor disagree, and strongly agree/agree) for descriptive statistics, and items endorsed by at least 
50% of participants were identified. To ascertain associations between psychological distress (K6 
scores), and PA sources of support, context preferences and barriers, binary logistic regressions 
were conducted on participant responses dichotomised into preferred (strongly agree and agree) or 
not preferred (strongly disagree, disagree, and neither agree nor disagree), adjusting for age and 
sex. 
Outliers with studentized residuals over 2.5 were removed; correlations between dependent 
variables were all <0.31; linearity between continuous variables and the logit of the dependent 
variable were confirmed using the Bonferroni-corrected Box-Tidwell procedure (> 0.05/2 
>0.025). The regression model was applied to questionnaire items for which there were less than 10 
outliers (i.e. analytical sample ≥ 132), and the number of prefer and not prefer responses was each 
more than 30 (i.e. case-sample ≥ 31). The regression model was applied to 36 questionnaire items 
(14 context preferences, 5 sources of support, and 17 barriers); significance was Bonferroni 
corrected (< 0.05/36 <0.001). SPSS v.22 (SPSS Inc, Chicago, Illinois) was used to generate 
summary statistics and perform statistical tests. 
6.4 Results 
Of the 425 individuals invited to the study, 183 (43%) consented to the study, 78% of whom 
completed the questionnaire (n=142); no information is available on those who declined. Of those 
who completed the questionnaire, 55% (n=78) were recruited from hospital outpatient clinics. 
Participant demographic and health characteristics are summarised in Table 6.1.  
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Table 6.1: Participant characteristics (n=142) 
 Mean SD 
Age in years; mean (SD) 39.9 11.5 
Distress b 15.0 5.8 
 N % 
Female  61 43 
Diagnosis   
 Depression 13 9 
 Anxiety 5 4 
 Depression/anxiety 14 10 
 Psychoses 46 32 
 Psychoses and depression/anxiety 18 13 
 Bipolar disorder 10 7 
 Other a 36 25 
Living situation      
 Single living alone 62 43 
 Couple, with/without children 21 15 
 Family members 23 16 
 Group of unrelated adults 13 9 
 Other 23 16 
Income management     
 Impossible/Always difficult 40 28 
 Sometimes difficult 54 38 
 Not bad/Easy 47 33 
Education   
 <Year 12 53 37 
 Year 12 27 19 
 Certificate/diploma 40 28 
 University  22 16 
Employment   
 Full-time/part-time 17 12 
 Volunteer 13 9 
 Student  14 10 
 Homemaker/retired 10 7 
 Unable to work 59 42 
 Unemployed/looking for work 29 20 
Physical health   
 Poor/fair  94 66 
 Good   36 25 
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 Very good/excellent 12 8 
Smoker status   
 Daily/occasionally 84 60 
 Never/ex-smoker 57 40 
a Other includes participants who reported multiple diagnoses e.g. two participants reported 
depression, anxiety, eating disorder, and substance use, etc. 
b Distress was assessed using the Kessler-6 scale; scores range from 6 to 30, with scores over 15 
indicating high distress304. 
6.4.1 Preferences (type, context, sources of support) 
Preferences for PA type are presented in Table 6.2. Walking was the most preferred activity type 
(83%); other leading preferences included bushwalking (66%), strength training (60%), swimming 
(54%), and cycling (51%). Preferences for PA context and sources of support are presented in Table 
6.3. Most respondents preferred activities that are done close to home, at home, outdoors, with 
people at their level of ability, with someone they know, with regular scheduled sessions, with 
professional instruction, with a social aspect, or as part of a healthy lifestyle program. Psychological 
distress was not significantly associated with any of the PA context preferences (p>0.02). Similar 
proportions of respondents preferred exercise in the early morning (22%), mid-morning (21%), 
afternoon (22%) or evening (20%).  
The most commonly endorsed source of support was an exercise instructor, with more than two-
thirds of participants agreeing they’d be more active if guided through each exercise session, or if 
they were told how to exercise, by an exercise instructor. Fewer participants agreed they’d be more 
active if told to be by a doctor (GP), or a psychologist or counsellor, or if accompanied by a support 
worker. Psychological distress was positively associated with the preference to be guided through 
each exercise session by an exercise instructor (=.203, p<.001). 
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Table 6.2: Preferred activity type, and physical activity motivators 
Outcome Disagree % Neutral % Agree % 
Preferred activity type 
Walking in the neighbourhood 7 10 83 
Bushwalking 17 17 66 
Weights / strength training 23 17 60 
Swimming 27 20 53 
Cycling outdoors 34 15 51 
Dancing 34 18 49 
TaiChi 29 22 49 
Tennis   31 20 50 
Martial arts 34 18 48 
Yoga 32 22 47 
Boxing for fitness 35 18 47 
Walking on a treadmill 38 22 40 
Volleyball 32 27 41 
Cycling in a gym 36 25 39 
Pilates 36 28 36 
Soccer   37 31 32 
Aerobics 40 24 36 
Jogging outdoors 43 19 38 
Cricket   42 30 28 
Touch football 45 25 30 
Basketball 46 26 28 
Jogging on a treadmill 49 21 30 
Netball 52 24 24 
Motivators 
To improve my mental health 4 6 90 
To get stronger and fitter 2 8 90 
To get out of the house 4 9 87 
To have more energy 2 12 86 
To cope with life stresses better 6 9 85 
To improve my posture 7 13 81 
To relax 10 11 79 
To balance other things I do (e.g. smoking, 
overeating) 
10 11 79 
To prevent sickness and illness 9 13 78 
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To lose weight 12 12 76 
To improve how I look 14 11 75 
To help me sleep 10 16 74 
To make new friends 15 15 70 
To recover from illness/injury 13 19 68 
To spend time with others (family, friends, 
partner) 
12 22 66 
To counteract the side-effects of medications 18 21 60 
Note: darker shading represents higher proportion of endorsement 
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Table 6.3: Preferences for activity context and sources of support 
Outcome Disagree Neutral Agree 
Regression 
statistics a 
% % % b p 
Preferred context 
Can be done close to home b 3 12 85 - - 
Are part of a healthy lifestyle program b 6 19 75 - - 
Involve regular, scheduled sessions 13 17 70 -0.028 0.404 
Are done with people at my level of 
ability 8 23 69 0.018 0.581 
Are done with someone I know 4 26 69 0.029 0.4 
I can do on my own 15 17 67 -0.016 0.622 
Include a social aspect (e.g. going out 
for coffee afterwards) 11 22 67 -0.044 0.191 
Are done outdoors 8 34 58 -0.041 0.192 
Involve professional instruction 16 27 57 -0.019 0.539 
Are done at home 22 23 55 -0.026 0.418 
Are done with people around my age 7 44 49 0.022 0.472 
Have a set routine every session 19 34 47 0.054 0.089 
Are done from a facility (e.g. sports 
centre or gym) 25 29 46 0.012 0.512 
Are team based 22 40 39 -0.013 0.69 
Are vigorous 31 35 34 -0.025 0.447 
Are done with people of my own sex b 19 48 33 - - 
Are done with people recovering from 
mental illness 20 51 29 0.02 0.543 
Involve competition b 44 33 23 - - 
Preferred sources of support   
Exercise instructor guided me through 
each exercise session 13 17 71 0.203 <.001* 
Exercise instructor told me how to 
exercise 16 22 62 0.049 0.142 
Doctor (GP) told me to 19 23 58 0.049 0.131 
Support worker came with me  22 26 53 0.052 0.103 
Psychologist or counsellor told me to 20 29 51 0.074 0.03 
Note: darker shading represents higher proportion of endorsement; significance was Bonferroni 
corrected (< 0.05/36), therefore p≤0.001 was considered significant. 
a Logistic regression analysis performed on questionnaire responses categorised into not preferred 
(disagree and neutral responses) and preferred (agree responses); statistics refer to the 
psychological distress covariate, adjusted for age and sex. 
b Items not assessed in the logistic regression model, due to case-sample  30, or number of outliers 
≥ 10. 
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6.4.2 Attitudes toward personal training (PT) 
Attitudes toward personal trainers, and preferred PT context, are presented in Table 6.4. Attitudes 
toward personal trainers for those who had, or had not received PT in the previous two years are 
presented in Table 6.4a. Most respondents (75%) reported never having received PT; however, most 
thought that PT improves motivation, and makes exercise fun. Most respondents also thought that 
personal trainers are friendly, and that “anyone” can have a personal trainer; however, the financial 
cost of PT was a barrier. If given the opportunity to receive PT, most would prefer one-on-one 
sessions in a community gym (e.g. PCYC, YMCA) or park, or group sessions in a park.   
Table 6.4: Attitudes toward personal training 
Outcome 
Disagree Neutral Agree 
% % % 
Attitudes toward personal trainers a 
   
 Improves motivation for exercise 8 15 77 
 Too expensive 6 18 75 
 Makes exercise fun 11 25 64 
 Anyone can have a personal trainer 19 26 56 
 Not suitable if I have an injury 32 33 35 
 Only for fit people 45 31 24 
 Personal trainers aren’t friendly 54 30 16 
Preferred personal training context b 
 Group sessions in the park 26 15 59 
 One-on-one sessions in a community gym (e.g. 
 PCYC, YMCA) 
22 22 56 
 One-on-one sessions in the park 25 19 56 
 Group sessions in a community gym (e.g. PCYC, 
 YMCA) 
27 23 50 
 One-on-one sessions in a commercial gym 30 24 47 
 One-on-one sessions in my own home 35 19 46 
 Group sessions in a commercial gym 35 22 43 
Note: darker shading represents higher proportion of endorsement 
a Participants responded to: “What do you think about personal training?” 
b Participants responded to: “If you were to see a personal trainer, which of the following would you 
prefer” 
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Table 6.4a: Attitudes toward personal trainers, grouped by those who have (n=36) or have not 
received personal training (n=105) 
Questionnaire item 
Never received PT / 
Received PT in last 2 yrs 
Disagree 
% 
Neutral 
% 
Agree 
% 
Improves motivation for exercise Never received 9 18 73 Received 3 8 89 
Makes exercise fun Never received 13 29 59 Received 6 14 81 
Too expensive Never received 6 16 79 Received 8 25 67 
Only for fit people  Never received 39 32 29 Received 67 19 14 
Anyone can have a PT Never received 19 27 54 Received 17 19 64 
Not suitable if I have an injury Never received 26 36 38 Received 47 25 28 
Personal trainers aren't friendly Never received 49 34 17 Received 67 19 14 
PT: personal training  
6.4.3 Barriers and motivators 
PA barriers are presented in Table 6.5. The majority disagreed that lack of enjoyment of PA, the 
mental health service takes up too much time, work demands, social demands, fear of getting 
injured, lack of time, and age, were barriers. The most commonly cited PA barriers were poor 
physical and mental health, and lack of money. There was a positive association between 
psychological distress and barriers of: poor mental health (=.194, p<.001), being too tired 
(=.229, p<.001), exercise causing exhaustion (=.232, p<.001), being too shy or embarrassed 
(=.122, p=.001), and being unable to get organised (=.114, p=.001).  
PA motivators are presented in Table 6.2. The most commonly endorsed motivators were to 
improve mental health, and to get stronger/fitter. Motivators considered important by at least 80% 
of respondents included: to have more energy, to get out of the house, to cope with life stresses 
better, and to improve posture. 
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Table 6.5: Physical activity barriers 
Outcome Disagree Neutral Agree Regression statistics a 
  % % %  p 
Poor physical health 26 16 58 0.111 0.002 
Lack of money 28 18 54 0.086 0.011 
Poor mental health 27 23 51 0.194 .001* 
I can’t get motivated 32 21 47 0.085 0.014 
I don't like the gym "scene" 32 26 42 0.095 0.006 
Problems with transport 36 23 42 0.064 0.046 
I'm too shy or embarrassed 34 28 39 0.122 .001* 
I can't get organised 37 23 39 0.114 .001* 
My weight 43 19 38 -0.002 0.955 
I’m too tired 37 25 37 0.229 <.001* 
Medication side-effects 41 21 38 0.084 0.016 
I have an injury 49 14 37 0.075 0.025 
I don’t have the right 
clothes/shoes 44 23 32 0.093 0.011 
I'm not sure what to do 44 25 31 0.058 0.084 
Facilities are too far away 36 33 31 0.07 0.039 
Exercise makes me too 
exhausted 46 25 29 0.232 <.001* 
Lack of skill b 50 27 23 - - 
My age 53 25 22 0.039 0.291 
Social demands b 52 27 21 - - 
I'm afraid of getting injured b 59 20 21 - - 
Lack of time b 56 24 20 - - 
I do not enjoy physical activity b 66 20 14 - - 
The mental health service takes 
up too much of my time b 64 22 14 - - 
Work demands b 62 25 13 - - 
Lack of access to childcare b 70 25 5 - - 
Note: darker shading represents higher proportion of endorsement; significance was Bonferroni 
corrected (< 0.05/36), therefore p≤0.001 was considered significant. 
a Logistic regression analysis performed on questionnaire responses categorised into not preferred 
(disagree and neutral responses) and preferred (agree responses); statistics refer to the 
psychological distress covariate, adjusted for age and sex. 
b Items not assessed in the logistic regression model, due to case-sample  30, or number of outliers 
≥ 10. 
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6.5 Discussion 
Understanding the PA preferences (type, context, and sources of support), motivators and barriers 
of adults with mental illness can guide the development of interventions for this group. The most 
preferred activity type was walking, which is similar to general population studies360, and has been 
shown to be beneficial for adults with mental illness361. Commonly endorsed activity context 
preferences, such as exercise done close to home, and in the outdoors, and programs that are not just 
about exercise, are consistent with previous research with adults with psychosocial distress248. 
Walking groups in the local neighbourhood that include regular social outings and health 
information sessions could accommodate these preferences. Respondents also preferred to do 
exercise with people at their level of ability, and with someone they know. This could reflect a 
desire to avoid situations where negative comparisons about ability can be made, and the desire for 
social support. The importance of social support for engaging this group in exercise has also been 
identified by clinicians in previous research362. Group-based exercise could be made more 
acceptable by allowing participants to choose exercises suitable to their ability, allocating 
participants to exercise groups according to fitness level, and by allowing participants to bring a 
friend or family member. These program characteristics may be important for people exhibiting 
weight gain (e.g. due to psychotropic medication) due to changes in body image363. Psychological 
distress was not associated with PA context preferences. 
Common barriers included poor physical and mental health, and lack of money. Several barriers 
were related to psychological distress, including being too tired, shy or embarrassed, unable to get 
organised, and exercise causing exhaustion; these identified barriers are consistent with previous 
research240. Sedation is a commonly reported symptom of some psychiatric medications364, which 
may increase feelings of tiredness or exhaustion in response to exercise for people with high 
distress. Being too shy or embarrassed may be due to low self-confidence and self-esteem in this 
group22,60. Highly distressed participants may face greater barriers to PA, or that they are less able 
to problem solve such barriers; exercise counselling could be an effective means to facilitate PA 
adoption in this group365. 
An exercise instructor was the most commonly endorsed source of support, and there was a positive 
association between distress and the preference to be guided through each exercise session by an 
exercise instructor, potentially indicating that more highly distressed participants require more 
focused exercise support. Personal training (PT) had a high degree of acceptability: most 
participants thought that personal trainers were friendly, made exercise fun, and increased 
motivation. About a quarter of participants had received PT, which may have influenced their 
perceptions of PT. The largest difference in responses was for the questionnaire item ‘only for fit 
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people’: people with prior PT experience had higher rates of disagreement (67% vs. 39%) than 
those without. Other research indicates that programs for adults with mental illness should utilise 
exercise instructors who can provide good humour, a non-judgemental environment, 
encouragement, and professional instruction228,230,234. Most respondents preferred PT in a park or 
community gym, indicating a general aversion to the commercial gym setting. The implementation 
of PT programs for adults with mental illness would require upskilling of the exercise professionals, 
to improve their sensitivity to patient concerns 366, and to support appropriate referral to a clinician 
should mental health complexities arise during the program. 
Results also indicated that professionals such as doctors and mental health staff could be a potential 
source of support to promote PA.  Doctors and mental health staff could e.g., provide advice on PA 
benefits, encourage participation in PA programs, and where possible, accompany them to exercise 
sessions and assisting with transport. Interestingly, distress was not associated with the preference 
for support from medical professionals, potentially indicating that non-clinical exercise support is 
preferred. 
Adults with mental illness have a diverse range of individual circumstances, and because PA 
preferences, motivators and barriers may change over time (e.g. due to changes in illness 
progression/recovery, employment, relationships, life events etc.)367, broadly targeted, one-size-fits-
all interventions may be difficult to justify368. PA interventions designed according to the majority 
preference may be appealing to a high proportion of the target group; however, when trying to 
increase PA engagement of a marginalised and disadvantaged group, such as adults with mental 
illness, an individualised approach may be most effective369. 
Strengths of this study include a community-based sample of adults across a range of mental 
illnesses. Previous studies had smaller sample sizes (n<34) and focused on patients with a specific 
diagnosis, which limits generalisability. This study extends other research by providing a more 
detailed assessment of motivators, preferences for activity type and context, and sources of support. 
It is the first study to assess attitudes toward personal training.  
Limitations include a convenience sample which may not be representative. Self-reported 
psychiatric diagnosis may be subject to reporting errors; however, this data was only used to 
describe the sample and was not part of inferential analyses. The side-effects of some psychiatric 
medications (e.g. antipsychotics), such as sedation, cognitive impairments, and emotional flattening, 
may affect perceived PA barriers, preferences and enablers. Individuals with high distress may have 
been more likely to be taking particular medications, which could have influenced our results. 
Future research could use medication type, or antipsychotic dose as a covariate in analyses. 
Similarly, medical comorbidities may affect PA barriers, preferences and enablers due to pain and 
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mobility restrictions353,354. Medications and medical comorbidities were not assessed in this study, 
so it is unknown how they may have influenced the results. Future research could investigate 
potential associations between medications, comorbidities and PA barriers, preferences and enablers 
to inform the development of interventions targeting specific subgroups (e.g. individuals on high 
doses of clozapine). As in all survey studies, it is unknown if all participants understood the 
questions and interpreted them in the same way, which may be particularly relevant to adults with 
mental illness due to impairment of memory186,187, and cognition188-190. However, the questions did 
not require behavioural recall (e.g. as in PA questionnaires), and participants had the opportunity to 
ask questions and receive assistance with comprehension. The sample may have been subject to 
volunteer bias; for example, people with higher PA levels, or interest in PA opportunities may have 
been more likely to participate; similarly, people with greater severity of symptoms or cognitive 
impairment may have been more likely to decline. Given that participants were recruited from 
mental health organisations, only people who were receiving support for their mental health were 
recruited, which may exclude people who have not presented with severe enough symptoms to 
warrant treatment, or who had not chosen to seek help.  It’s also acknowledged that preferences and 
attitudes may not necessarily reflect actual behaviour. The sample was not statistically powered to 
investigate other covariates (diagnosis, socioeconomic status etc.). 
6.6 Conclusions 
This study extends previous research by assessing detailed PA context preferences, and attitudes 
towards personal training as a PA opportunity. A unique contribution is the assessment of the 
influence of psychological distress on PA preferences and barriers. Low cost, neighbourhood 
outdoor walking or personal training programs, that include optional social and healthy lifestyle 
components, and that are led by an exercise instructor who can provide assistance with motivation 
and overcoming physical and mental health barriers experienced by adults with mental illness, may 
best be able to accommodate the physical activity preferences of this group. People with high levels 
of distress may require additional support to manage barriers of poor mental health. Given the 
diverse range of PA attitudes identified however, exercise interventions may need to be designed 
with flexibility for individual attitudes and circumstances.  
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7 The feasibility and acceptability of high-intensity interval training for adults with 
mental illness 
Data, analyses, and interpretation of results relevant to measuring PA and SB patterns in adults with 
mental illness were presented in Chapters 2, 3, 4 and 5. The use of appropriate data collection 
methods and analysis techniques are important for accurate measurement of PA and SB, to assess 
the necessity for PA intervention, and measure behaviour change in response to interventions. 
However, also of importance is the acceptability of a PA intervention. To make PA interventions 
more acceptable, the intervention could be tailored to the specific PA preferences of the target 
group. For this purpose, data on the PA preferences, barriers, motivators and attitudes of adults with 
mental illness were presented in Chapter 6. Conclusions were that outdoor, local walking groups led 
by an exercise instructor may be accommodate the preferences of adults with mental illness, 
however, exercise interventions may need to be designed with flexibility for individual attitudes and 
circumstances. 
High-intensity interval training (HIIT) has proven efficacy at improving metabolic indicators in 
patients with chronic physical conditions (e.g. cardiovascular disease). Given that most adults with 
mental illness prefer moderate-intensity activities, such as walking, many may not have engaged in 
HIIT. However, HIIT may be more efficacious than moderate-intensity exercise at improving 
physical and mental health. Further, a single exercise program design may not be suitable for 
everyone. Given the poor health outcomes of adults with mental illness, it is important to assess the 
feasibility and acceptability of different exercise programs, particularly those that are efficacious at 
improving physical health. It is unknown whether HIIT is less acceptable than moderate-intensity 
exercise, or if HIIT can be feasibly implemented in the supervised exercise setting for adults with 
mental illness. Comparing the feasibility and acceptability of HIIT after exposure to the exercise 
protocol is important to assess the utility of this exercise approach for adults with mental illness. 
Data from the final study conducted as part of this PhD program are presented in Chapter 7. This 
was a randomised controlled trial, designed to compare the feasibility, acceptability and efficacy of 
HIIT with a more conventional exercise approach – moderate-intensity continuous training (MICT). 
This chapter addresses the fifth PhD objective: To assess the utility of two different kinds of 
exercise training for adults with mental illness. This chapter will be adapted for submission as a 
manuscript to a suitable journal. 
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7.1 Abstract 
Background: Adults with mental illness have increased risk of chronic physical conditions such as 
cardiovascular disease and metabolic syndrome. Cardiorespiratory fitness (CRF) is an independent 
predictor of cardiovascular disease. High-intensity interval training (HIIT) is more efficacious than 
moderate-intensity continuous training (MICT) for improving CRF and metabolic risk factors; 
however, the utility of HIIT for those with mental illness is unclear. Aims: To compare the 
feasibility and acceptability of HIIT and MICT in adults with mental illness, and the efficacy on 
physical and mental health outcomes. Method: Participants were recruited from psychiatric 
outpatient clinics and the general community, and randomised to either HIIT or MICT. Both 
conditions included 12-weeks of aerobic exercise three times per week at a university facility. 
Feasibility was assessed by examining attendance and withdrawal rates, and acceptability was 
assessed using self-administered questionnaires. Mental health outcomes included depression, 
anxiety, stress and wellbeing, measured using self-administered questionnaires. Physical health 
outcomes included cardiorespiratory fitness (VO2max) measured using expired air, percentage fat 
mass, and waist circumference. Results: 24 participants consented to the study, and were 
randomised (12xHIIT, 12xMICT). Of the 16 who began the exercise programs, 9 (56%) completed 
(4xHIIT, 5xMICT). Most participants were satisfied with their allocation, and found the exercise 
enjoyable. Equal numbers reported that they would like to continue the exercise after the study 
(63%), and that they would feel confident doing so without supervision (75%). No statistically 
significant differences were found on any of the outcome measures. Conclusions: Both HIIT and 
MICT were acceptable to adults with mental illness. The high withdrawal rate may reflect 
feasibility barriers related to transport, mental illness symptoms, and assessment burden. 
Community-based exercise programs with tailoring of exercises to participant preferences and 
abilities may improve feasibility 
7.2 Introduction 
Adults with mental illnesses have a mortality rate more than double that of the general 
population27,28, and a reduced life expectancy of between 10 and 20 years28,29. Evidence suggests 
that this mortality gap has increased in recent decades29,30, and is largely attributable to preventable 
physical conditions, such as cardiovascular disease, stroke, chronic lung disease, and infection29,31-
33. Compared with the general population, adults with mental illness have a higher risk of 
cardiovascular disease, diabetes mellitus, and metabolic syndrome – conditions which have many 
modifiable risk factors35-38.  Exercise protects against these outcomes349,370, and decreases mortality 
risk311. Regular exercise can improve cardiorespiratory fitness (CRF), which is inversely related to 
all-cause mortality and cardiovascular morbidity371. Exercise also reduces depression and 
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anxiety250,252,267, and symptoms of schizophrenia372, and can improve quality of life in adults with 
mental illness282.   
High-intensity interval training (HIIT) involves alternating short bursts of high intensity exercise 
with recovery periods of rest or light exercise. HIIT can lead to greater improvements in CRF than 
moderate-intensity continuous training (MICT) in healthy individuals and cardiometabolic 
patients284,285. HIIT is also more effective than MICT at improving known risk factors for 
cardiometabolic conditions, such as insulin sensitivity, total and low-density lipoproteins, and 
endothelial function286-289. In addition to the physical health benefits, HIIT may also improve 
mental health. Studies with clinical groups with physical conditions (e.g. cardiac patients) have 
reported greater, or similar, improvements in quality of life for HIIT than MICT290-294, as well as 
similar reductions in symptoms of depression and anxiety295.  
Initial work has shown promise for the use of HIIT with adults with mental illness. Two controlled 
trials with inpatients with schizophrenia296, or substance use disorder297, reported that 8-weeks of 
HIIT for three sessions/week, using a 4x4 minute interval protocol, significantly improved fitness, 
but not mental illness symptoms. One study on the acute effects of HIIT, reported that adults with 
depression or schizophrenia experienced improved mental health for up to 3-hours after a single 
session of 4x4 minute intervals298. These studies used conventional aerobic equipment (e.g. 
treadmill) to achieve the desired heart rate training ranges.  One pre/post study with outpatients with 
schizophrenia used “body weight exercises” to achieve prescribed heart rate ranges over eight 
weeks for three sessions/week, with 25 minute sessions (including 10 minutes of warming up/down, 
and 15 minutes of HIIT – interval duration not stated)299. That study discontinued participants who 
did not meet prescribed training intensities, and found that the program significantly improved 
depression, anxiety, and negative symptoms of schizophrenia299.  
No studies have compared the feasibility or acceptability of HIIT and MICT for adults with mental 
illness across a range of diagnoses. From a patient perspective, HIIT may be more appealing than 
MICT, because a similar health benefit can be achieved in a shorter time period. Additionally, the 
short bursts of activity involved in HIIT may be more enjoyable than traditional endurance 
training301. Conversely, some patients may find the higher intensity exercise uncomfortable302. 
The primary aim of this exploratory study was to compare the feasibility and acceptability of HIIT 
with MICT, for adults with mental illness. The hypothesis was that MICT would have better 
feasibility and acceptability than HIIT, because adults with mental illness have identified a 
preference for walking activities373. The secondary aim was to compare the efficacy on physical and 
mental health outcomes.  
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7.3 Methods 
7.3.1 Study design 
This was a two-group randomised study with an active control.  Ethical approval was obtained from 
The University of Queensland Behavioural and Social Sciences Ethical Review Committee 
(2014000644), and the Princess Alexandra Hospital Metro South Human Ethical Review 
Committee (HREC/14/QPAH/202). Data were collected between October 2014 and July 2015. 
7.3.2 Recruitment 
Participants were recruited via general community advertisements (radio, local paper, online social 
media news articles), and clinician referral from private psychology clinics, and a mental health 
outpatient unit in Brisbane, Australia. Individuals were eligible for the study if they: i) self-reported 
having a psychiatric diagnosis, or were experiencing high psychological distress defined as a score 
>15 on the Kessler-6 scale; ii) were currently receiving mental health treatment from a psychologist 
or psychiatrist; iii) were ambulatory; iv) were able to understand English, and v) over 18 years of 
age. Exclusion criteria were: i) currently pregnant; ii) having acute symptoms of psychosis and 
considered insufficiently stable to participate (determined by the referring clinician); iii) having an 
eating disorder (e.g. anorexia nervosa, bulimia nervosa) characterised by excessive exercise; iv) 
having a mental illness secondary to a diagnosed medical condition, and v) participating in more 
than 30 minutes of self-reported exercise per week. Potential participants were screened for 
eligibility over the phone by the researcher. 
7.3.3 Procedure 
7.3.3.1 Initial meeting 
The researcher met eligible individuals in person (often at their residence) to: (i) obtain written 
informed consent for study participation; (ii) obtain consent to contact their medical doctor (GP) for 
information about their medical information related to their suitability to exercise; (iii) administer 
the Adult Pre-exercise Screening System (APSS)374; (iv) administer a questionnaire about health 
and demographic characteristics (e.g. self-reported psychiatric diagnosis, education, employment, 
living situation); and (v) provide accelerometers to measure baseline physical activity levels. 
Accelerometers have been shown to have high acceptability and feasibility with adults with mental 
illness336. Participants were asked to wear the accelerometer on the right hip, 24 hours/day (except 
to shower or swim) for seven consecutive days, and to note times to bed at night and out of bed in 
the morning, and non-wear times, in a diary.  
Chapter 7 
 
106 
7.3.3.2 Randomisation 
After the initial meeting, participants were assigned a unique code that was sent to a biostatistician, 
who was not involved with other aspects of the study, for randomisation. Block randomisation was 
used to maintain balance between the two conditions. The researcher (JC) was aware of participant 
allocation prior to completion of baseline testing. Participants were notified of their allocation at 
their first intervention exercise session, after completion of all assessments. 
7.3.3.3 Baseline assessments 
After completing the accelerometry, participants were asked to attend a baseline testing session at 
The University of Queensland. Participants were asked to refrain from vigorous activity and 
consuming alcohol for 24 hours, and to refrain from smoking or consume anything other than water 
for 2 hours, prior to the testing session. Participants completed outcome measures in the following 
order: (i) self-administered mental health questionnaires (Depression Anxiety Stress Scale 
[DASS21], Psychological General Wellbeing Index [PGWBI], Kessler-6 scale [K6]); (ii) 
anthropometric measures (weight, height, waist circumference); (iii) body composition measured 
using bioelectrical impedance (BIA); and (iv) a maximal fitness test. Outcome measures were 
completed at post-intervention follow up. The researcher (JC) assisted an Exercise Physiologist 
with the assessments. 
7.3.3.4 Safety screening 
Participants completed a finger-prick blood test at baseline to obtain lipid profiles (analysed using a 
Cholestech LDX). Participants were defined as high risk if they had three or more risk factors 
identified on the APSS form, including potential risk factors identified from the blood analysis. The 
medical history of high risk participants was assessed by a medical consultant to determine if 
medical supervision would be required for the maximal fitness test. 
7.3.3.5 Participant reimbursement 
Participants were offered an AUD$20 gift card at completion of the baseline assessments, and an 
AUD$100 gift card at completion of the post-intervention assessments. Participants were asked to 
complete the post-intervention assessments even if they withdrew from the study; however, those 
who withdrew because of exercise-related pain were not asked to complete the post-intervention 
fitness test. Participants who completed post-intervention questionnaires were eligible to receive the 
$100 gift card, regardless of whether they completed the fitness test. 
7.3.4 Outcome measures 
7.3.4.1 Feasibility and acceptability 
Feasibility was assessed using recruitment numbers, adherence to the program, completion rate, and 
reasons for withdrawal. Acceptability was assessed at post-intervention (12-weeks) using a self-
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administered questionnaire. Ten questionnaire items were developed for this study; responses were 
on a 5-point Likert scale (strongly disagree, disagree, neither agree nor disagree, agree, and 
strongly agree). Questions asked about satisfaction with exercise allocation, enjoyment and 
difficulty with the exercise, preference for group-based exercise, preference to continue that kind of 
exercise outside of the study, and confidence doing the exercise without assistance or when having 
a bad day. Specific questionnaire items are provided in Table 7.2.  
7.3.4.2 Mental health 
DASS21: The DASS21 is a 21-item questionnaire with three subscales to assess depression, anxiety 
and stress. The subscales have high internal reliability in adults across a range of mental illnesses 
(0.94 for depression, 0.87 for anxiety, and 0.91 for stress subscales)375. Each subscale has seven 
items; scores range from 0 to 21, with higher scores representing greater severity. The DASS21 
subscales have been shown to have acceptable validity when compared with established measures 
of depression and anxiety375. 
PGWBI: The PGWBI consists of 22 items to assess six dimensions of wellbeing: anxiety, depressed 
mood, positive wellbeing, self-control, general health and vitality. Scores range from 0 to 110 to 
form an overall index of general wellbeing376; higher scores indicate better wellbeing. The PGWBI 
has been shown to have satisfactory internal construct validity for patients with stress-related 
exhaustion377. 
K6: The K6 consists of six items to assess nonspecific psychological distress experienced in the 
past month; responses are recorded using a 5 point Likert scale. The questionnaire has been shown 
to have high internal consistency and reliability (Cronbach’s =0.89)304. Scores range from 6 to 30, 
with a score over 15 indicating high distress378.  
7.3.4.3 Physical health 
Maximal fitness test: Cardiorespiratory fitness (CRF) was assessed using a graded exercise test to 
exhaustion. Participants could choose to use the treadmill or stationary bike; the modified Bruce 
protocol was used for the treadmill, and a ramping protocol was used for the stationary bike379. 
Expired air was analysed using a standard metabolic system (Vmax, SensorMedics, Yorba Linda, 
CA). The 20-second averaged volume of oxygen consumption during the final minute was used to 
calculate VO2max. Participants’ heart activity was monitored with a 12-lead electrocardiogram 
(ECG; GE Healthcare Case Machine, V6.51) during the test. The maximal heart rate achieved was 
used to calculate the training heart rate (HR) range for the exercise program. Blood pressure and 
rate of perceived exertion (RPE) were measured every 3 minutes.  
Body composition: Percent fat mass, and fat free mass were measured using bioelectric impedance.  
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Anthropometrics: Height, weight and waist circumference were measured by the researcher (JC).  
Height was measured to the nearest 0.1 cm using a stadiometer; weight was measured to the nearest 
0.01 kg using electronic scales, and waist was measured to the nearest 0.1 cm using a tape measure. 
Each was measured twice, and the average taken as the point estimate. If there was more than a 1-
cm difference between the two measurements, a third measurement was taken, and the average of 
the two closest values reported.  
7.3.5 Intervention protocol 
The treatment group completed a high-intensity interval training (HIIT) protocol, and the 
comparison group completed a moderate-intensity continuous training (MICT) protocol.  
HIIT protocol: Participants completed three 4-minute (3x4 minute) high-intensity intervals at 
85-95% of the maximum HR reached during the fitness test, interspersed by 3-minute 
recovery periods of 60-70% maximum HR. The target HR range had to be achieved within 
the first two minutes of each interval. Each session began with a 4-minute warm-up, and 
finished with a 3-minute warm-down at 60-70% of each participant’s maximum HR. The total 
session duration was 25 minutes. 
MICT protocol: Participants completed 30 minutes at 65-75% of the maximum HR reached 
during the fitness test. Each session began with a 3-minute warm-up, and finished with a 2-
minute warm-down at 60-70% of maximum HR. The total session duration was 35 minutes.  
Both intervention conditions involved completing three aerobic exercise sessions per week for 12 
weeks (36 sessions in total). Exercise sessions were scheduled according to participant availability, 
and were conducted in groups when possible, of up to four participants. No attempt was made to 
separate HIIT and MICT participants (i.e. both HIIT and MICT participants exercise in the same 
room, often at the same time).  Participants could complete their exercise using a treadmill or 
stationary bike. In consideration of physiological adaptations specific to each machine, participants 
were encouraged to use the mode of exercise they used for the fitness test. Participants were 
encouraged to complete all exercise sessions, but were not penalised if they had low attendance 
(e.g. participants were not withdrawn, and did not received a reduced financial gratuity). 
Participants were asked about their reasons for non-attendance and withdrawal (if applicable). 
Participants were not encouraged or restricted from engaging in additional exercise outside the 
study.  
Polar FT1 heart rate monitors (Polar Electro, Finland) were used to assess compliance with the 
exercise prescriptions. HR was recorded at the end of each interval for HIIT participants, and at 20 
minutes and 30 minutes for MICT participants. HR ranges were achieved by adjusting ergometer 
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resistance, and treadmill speed and/or incline as preferred by the participant. All participants had 
their blood pressure measured before and after each session for safety purposes; participants with 
hypertension (140/90 mmHg) were required to rest until the post-exercise blood pressure returned 
to their baseline value.   
Supervision was provided by the researcher (JC), who is a personal trainer. Supervision was tapered 
over the program: three weekly sessions were supervised for the first eight weeks; in the final four 
weeks, two weekly sessions were supervised, and participants were asked to adhere to the same 
exercise protocol for one unsupervised session/week at home. To assist participants with their 
unsupervised sessions, the researcher met with participants at their residence to plan an exercise 
route, and they were given a HR monitor to use over this period.   
7.3.6 Accelerometer data management 
Participants’ self-reported time out of bed in the morning, and time to bed at night, were used to 
define their waking hours; only data recorded during participants’ waking hours were analysed. 
Accelerometer non-wear time was defined as consecutive zero counts of 60 minutes or longer346. 
Data were considered valid if the accelerometer was worn for at least 80% of waking hours347 on at 
least three days348. Data from the accelerometer’s vertical axis were converted to counts per minute 
(cpm). SB, light activity, and MVPA were defined as 100 cpm, 101–2,019 cpm, and >2,019 cpm 
respectively. Accelerometer data were analysed using Matlab 2011b (The MathWorks, Inc., Natick, 
Massachusetts, United States). 
7.3.7 Analysis 
Participant responses to the acceptability questionnaire were collapsed onto a 3-point scale 
(disagree, neutral, agree) to generate summary statistics. Completion analyses included participants 
who completed at least 70% of the exercise sessions. Intention to treat (ITT) analyses included data 
from participants who provided post-intervention data. Wilcoxon sign rank tests were used to 
compare within-group pre/post scores on primary outcomes, and Mann-Whitney U tests were used 
to compare the percent change in primary and secondary outcomes between groups.  Analyses were 
performed using SPSS version 22. 
7.4 Results 
7.4.1 Participants 
Fifty-four individuals were screened for study entry; 32 (59%) made contact after finding out about 
the study from community advertisements, 21 (39%) were referred from the hospital, and one (2%) 
was referred by a private psychiatrist. Of those screened, 24 participants (44%) met the eligibility 
criteria; more participants recruited via referrals (73%) met the criteria than those recruited via 
community advertising (25%). The most common reasons for ineligibility were already exercising 
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(43%), and not receiving mental health care (20%).  Participant health and demographic 
characteristics at baseline are presented in Table 7.1.  
 
Table 7.1: Health and demographic characteristics of participants at baseline  
 HIIT MICT  All  
 Mean (SD) Mean (SD) Mean (SD) 
 (n=12) (n=12) (n=24) 
Age (years) 37.4 (10.4) 38.6 (11.7) 38.0 (10.8) 
Psychological distress a 15.3 (6.6) 17.5 (3.6) 16.3 (5.4) 
Accelerometry  (n=9) (n=10) (n=19) 
 SB (hours/day) 9.0 (1.5) 9.5 (1.3) 9.3 (1.4) 
 Light activity (hours/day) 4.5 (1.7) 4.3 (0.8) 4.4 (1.2) 
 MVPA (minutes/day) 21 (16) 27 (23) 24 (19) 
2-hr fasting lipid profile (mmol/L) b  (n=6)  (n=6)  (n=12) 
 Triglyceride 2.04 (1.25) 2.1 (1.3) 2.1 (1.2) 
 HDL-cholesterol 1.0 (0.3) 0.8 (0.2) 0.9 (0.3) 
 LDL-cholesterol 2.8 (0.8) 2.7 (0.7) 2.8 (0.7) 
 Total cholesterol 4.8 (1.1) 4.4 (0.6) 4.6 (0.9) 
 Glucose 5.7 (2.5) 5.4 (0.7) 5.5 (1.7) 
 n (%) n (%) n (%) 
 (n=12) (n=12) (n=24) 
Female n (%) 7 (58%) 4 (33%) 11 (46%) 
Self-reported diagnosis    
 Psychoses 3 (25%) 3 (25%) 6 (25%) 
 Depression 1 (8%) 3 (25%) 4 (17%) 
 Bipolar disorder 3 (25%) 1 (8%) 4 (17%) 
 Anxiety 0 (0%) 1 (8%) 1 (4%) 
 Delusional disorder 1 (8%) 0 (0%) 1 (%) 
 Depression and anxiety c 2 (17%) 1 (8%) 3 (12%) 
 Depression, anxiety and other d 1 (8%) 2 (17%) 3 (12%) 
 Depression and BPD 1 (8%) 0 (0%) 1 (4%) 
 Bipolar disorder and BPD 0 (0%) 1 (8%) 1 (4%) 
Education    
 Did not finish high school 1 (8%) 4 (33%) 5 (21%) 
 High school 2 (17%) 5 (42%) 7 (29%) 
 Certificate/diploma (college) 6 (50%) 2 (17%) 8 (33%) 
 Tertiary degree (university) 3 (25%) 1 (8%) 4 (17%) 
Employment    
 Full-time/part-time 1 (8%) 1 (8%) 2 (8%) 
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 Student  2 (17%) 0 (0%) 2 (8%) 
 Unemployed / looking for work 3 (25%) 7 (58%) 10 (42%) 
 Unable to work 6 (50%) 4 (33%) 10 (42%) 
Income management    
 Difficult all the time 3 (25%) 4 (33%) 7 (29%) 
 Difficult some of the time 6 (50%) 1 (8%) 7 (29%) 
 Not too bad/easy 3 (25%) 7 (58%) 10 (42%) 
Physical health    
 Poor/fair  9 (75%) 7 (58%) 16 (67%) 
 Good   2 (17%) 3 (25%) 5 (21%) 
 Very good/excellent  1 (8%) 0 (0%) 1 (4%) 
Smoker status    
 Never/ex-smoker 6 (50%) 4 (33%) 10 (42%) 
 Daily/occasionally 6 (50%) 8 (67%) 14 (58%) 
BMI (kg/m2) e (n=12) (n=10) (n=22) 
 <18.5 0 (0%) 1 (10%) 1 (4%) 
 18.5 – 24.9 1 (8%) 1 (10%) 2 (8%) 
 25 – 29.9   4 (33%) 6 (60%) 10 (42%) 
 >30 7 (58%) 2 (20%) 9 (38%) 
HIIT: high-intensity interval training; MICT: moderate-intensity continuous training; BPD: 
borderline personality disorder; HDL: high density lipids; LDL: low density lipids; SB: sedentary 
behaviour; MVPA: moderate-to-vigorous activity. 
a Psychological distress was measured using the Kessler-6 scale; scores range from 6 to 30, scores 
over 15 indicate high distress. 
b Malfunction of the Cholestech LDX prevented the baseline blood data from being obtained from 
half of the sample.  
c The participant allocated to MICT had a diagnosis of postnatal depression. 
d Other here refers to i) alcohol dependence, ii) binge-eating disorder, and iii) borderline personality 
disorder. 
e BMI: Body Mass Index, calculated as weight (kg) / height (m)2. Height and weight were measured 
for participants who completed the baseline fitness test; BMI data was therefore only available for 
22 participants.  
A participant flow diagram is shown in Figure 7.1. Eligible participants were block randomised in a 
1:1 ratio to either HIIT (n=12) or MICT (n=12). Of the 24 participants who received accelerometers 
at baseline, 21 completed the accelerometer protocol and returned the monitor. Nineteen (90%; 
HIIT=9, MICT=10) participants provided valid accelerometry data. A median of 7 (IQR=5-7) valid 
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days of monitoring were provided by these participants. On these valid days, participants wore the 
monitors for a median of 98% (IQR=96-99%) of their waking hours.   
Participants randomised to each group were of similar age (p=0.8), BMI (p=0.07), accelerometer-
derived SB, light activity, and MVPA (p>0.4), and gender (χ2(1)=.059, p=1.0). Participants also had 
similar scores for depression, anxiety, stress, wellbeing, and psychological distress (p>0.1). 
Participants who withdrew from the exercise program but still provided post-intervention data were 
similar to those who completed the exercise program on all baseline measures (p>0.05). 
7.4.2 Feasibility 
7.4.2.1 Withdrawals and completions 
Two MICT participants withdrew after completing the baseline demographics questionnaire and 
accelerometry, but prior to completing the fitness test, or being told their group allocation. These 
participants had schizophrenia (n=1) and bipolar disorder (n=1), and withdrew due to concerns 
about inability to attend due to poor mental health (e.g. disorganisation, or having regular “bad 
days”). Twenty-two participants (92% of those randomised) completed all baseline assessments. Six 
(27%) withdrew prior to their first exercise session, or being told their group allocation. Reasons for 
withdrawal were: too much going on in their life (n=1), recent surgery (n=1), psychiatric admission 
(n=1), self-consciousness (n=1); two people did not provide reasons.  
Of the 16 participants who began the exercise program, equal numbers were allocated to HIIT (n=8) 
and MICT (n=8). Seven participants (44% of total) withdrew before completing the 12-week 
program (HIIT=4; MICT=3), after a median of three weeks (range=2-7).  The most common reason 
for withdrawal was exacerbation of a pre-existing musculoskeletal condition (n=4): back/hip pain 
(HIIT=2) and shin/ankle pain (MICT=2). Two participants withdrew due to transport difficulties 
(HIIT=1, MICT=1): one because of fuel costs, and one because of an inability to organise public 
transport. One HIIT participant withdrew because the exercise was perceived as too difficult. Nine 
participants (38% of those randomised) completed the exercise program (HIIT=4, MICT=5).    
All participants who completed baseline assessments were invited to complete post-intervention 
assessments; those who withdrew due to injury were not invited to complete the post-intervention 
fitness test. The numbers of participants who completed each assessment are shown in Figure 7.1.  
7.4.2.2 Attendance 
Participants were scheduled to complete 36 exercise sessions, including four unsupervised sessions 
that participants were to complete near their residence (e.g. outdoor jogging). Median attendance for 
the five participants who completed the MICT program was 86% (IQR=59-90%), or 31 sessions 
(IQR=20-33). One MICT participant had to finish the program early due to unplanned travel, and 
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only had 32 possible sessions. Median attendance for the four participants who completed the HIIT 
program was 81% (IQR=43-95%), or 29 sessions (IQR=16-34). Attendance was statistically similar 
between the two groups (p=1.0). A total of three HIIT participants, and four MICT participants 
completed at least 70% of the scheduled sessions. 
7.4.3 Acceptability 
Three participants withdrew after the baseline test, before receiving their exercise allocation; these 
participants were not included in the acceptability analyses. Responses to acceptability items are 
presented in Table 7.2. Most participants were satisfied with their allocation, and found the exercise 
enjoyable. One MICT participant and no HIIT participants reported that the exercise was boring. No 
MICT and two HIIT participants reported that they would feel confident doing the exercise when 
having a bad day. Two HIIT participants (but no MICT participants) reported that the exercise was 
too hard. Equal numbers reported that they’d like to continue that kind of exercise after the study 
(63%), and that they’d feel confident doing so without supervision (75%). Chi-square Fisher’s exact 
tests did not reveal any significant differences between conditions for any of the acceptability items 
(p>0.1).  
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Figure 7.1: Participant flow diagram 
HIIT: high-intensity interval training; MICT: moderate-intensity continuous training; ITT: 
intention-to-treat. 
a Withdrew before completing mental and physical health baseline assessments, but after providing 
written informed consent, completing a demographics questionnaire, and wearing an accelerometer 
for 7 days.  
b Withdrew after completing the baseline assessments (including the fitness test) but before 
receiving their group allocation. 
c Participants who withdrew were invited to complete the post-intervention assessments; those who 
withdrew to exercise-related pain were not asked to complete the post-intervention fitness test.  
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Table 7.2: Acceptability of the exercise condition 
Questionnaire item Group 
Disagree Neutral Agree 
n (%) n (%) n (%) 
I feel satisfied with the exercise 
condition that I was allocated to 
HIIT 0 (0%) 1 (13%) 7 (88%) 
MICT 0 (0%) 0 (0%) 8 (100%) 
I would have preferred to be in the 
other exercise condition 
HIIT 4 (50%) 3 (38%) 1 (13%) 
MICT 6 (75%) 2 (25%) 0 (0%) 
I found the exercise enjoyable  
HIIT 0 (0%) 0 (0%) 8 (100%) 
MICT 1 (13%) 2 (25%) 5 (63%) 
I found the exercise too hard 
HIIT 4 (50%) 2 (25%) 2 (25%) 
MICT 6 (75%) 2 (25%) 0 (0%) 
I found the exercise boring 
HIIT 4 (50%) 4 (50%) 0 (0%) 
MICT 4 (50%) 3 (38%) 1 (13%) 
I would have preferred group-
based exercise 
HIIT 4 (50%) 2 (25%) 2 (25%) 
MICT 6 (75%) 0 (0%) 2 (25%) 
I looked forward to the exercise 
sessions 
HIIT 2 (25%) 3 (38%) 3 (38%) 
MICT 2 (25%) 2 (25%) 4 (50%) 
I would like to continue doing this 
kind of exercise outside of the 
study 
HIIT 2 (25%) 1 (13%) 5 (63%) 
MICT 1 (13%) 2 (25%) 5 (63%) 
I would feel confident doing this 
kind of exercise without assistance 
HIIT 1 (13%) 1 (13%) 6 (75%) 
MICT 0 (0%) 2 (25%) 6 (75%) 
I would feel confident being able 
to do this kind of exercise when 
having a bad day 
HIIT 4 (50%) 2 (25%) 2 (25%) 
MICT 3 (38%) 5 (63%) 0 (0%) 
HIIT: High-intensity interval training; MICT: Moderate intensity continuous training. 
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7.4.4 Physical and mental health outcomes 
Aggregated baseline and post-intervention scores are presented in Figure 7.2, Figure 7.3 , and Table 
7.3. There were no statistically significant within-group differences between pre- and post-
intervention measures of mental or physical health, for completers of either the HIIT or MICT 
condition (p>0.07). There were no statistically significant differences between HIIT and MICT 
participants (p>0.06) in the percent change in either mental or physical health outcomes, for either 
completer or ITT analyses.  
 
Figure 7.2: Baseline and post-intervention mental health scores  
HIIT: High intensity interval training; MICT: Moderate intensity continuous training. 
Pre-intervention (black bars) and post-intervention (shaded bars) scores on primary mental health 
outcomes are shown for participants who completed at least 70% of exercise sessions. Vertical error 
bars represent standard deviations; individual data are plotted as solid lines. 
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Figure 7.3 – Baseline and post-intervention cardiorespiratory fitness results 
HIIT: High intensity interval training; MICT: Moderate intensity continuous training. 
Pre-intervention (black bars) and post-intervention (shaded bars) maximal oxygen uptake 
(VO2max) results are shown for participants who completed at least 70% of exercise sessions (solid 
lines), and participants who completed <70% of sessions. Vertical error bars represent standard 
deviations. Note: data from one HIIT participant was excluded because of a calibration issue, which 
resulted in abnormally high CRF (~71 ml/kg/min). 
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Table 7.3: Study outcomes for all participants who completed post-intervention assessment 
 HIIT MICT 
 Baseline 12-weeks Baseline 12-weeks 
Mental health  (n=9) (n=9) (n=10) (n=10) 
DASS21 a     
 Depression 14 (5, 16) 9 (3, 13) 7 (9, 10) 9 (4, 13) 
  % change  -25 (-50, 29)  -20 (-50, 50) 
 Anxiety 7 (2, 12) 1 (0, 7) 6 (4, 9) 6 (3, 7) 
  % change  -43 (-100, 0)  5 (-50, 4) 
 Stress 12 (3, 14) 6 (3, 10) 12 (10, 14) 8 (5, 12) 
  % change  0 (-45, 29)  -22 (-58, 0) 
PGWBI total score b 61 (43, 76) 68 (54, 75) 50 (45, 58) 52 (47, 73) 
  % change  13 (-9, 22)  20 (-5, 44) 
Physical health  (n=9) (n=7) (n=10) (n=10) 
Weight (kg) 104 (80, 112) 83 (81, 105) 88 (73, 99) 86 (74, 95) 
BMI (kg/m2) 32 (29, 37) 31 (27, 32) 27 (25, 30) 28 (25, 29) 
Waist circumference (cm) 113 (93, 120) 103 (89, 119) 92 (81, 105) 94 (86, 104) 
% fat mass 32 (29, 37) 32 (24, 35) 29 (25, 41) 29 (17, 34) 
Fitness  (n=9) (n=6) (n=10) (n=6) 
VO2 max (ml/kg/min) 21.2 (20, 29) 23 (20, 45) 24.7 (21, 35) 22 (21, 33) 
Note: all values quoted as median (25th – 75th percentile).  
DASS21=Depression Anxiety Stress Scale; PGWBI=Psychological General Wellbeing Index. 
a Depression, anxiety and stress scores range from 0 to 21, higher scores represent greater severity 
of symptoms (i.e. a negative change indicates improved mental health). 
b Wellbeing scores range from 0 to 110, higher scores represent greater wellbeing. 
7.4.5 Anecdotal observations 
There was great diversity among participants recruited to the study, and in their responses to the 
exercise program. For example, two participants had complex presentations of mental illness (e.g. 
multiple comorbidities, hospital admission during the program etc.), but still completed the program 
with high attendance (>70%), and showed marked improvements in mental health. In contrast, three 
other participants cited poor mental health as the reason for low attendance, and reported poorer 
mental health at post-intervention; for example, one participant withdrew and re-enrolled three 
times before beginning the exercise, finally withdrawing due to disorganisation and antipsychotic 
medication side-effects. Some participants had strong support for attending the exercise sessions; 
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for example, one participant’s partner drove her to exercise sessions, bought her an activity monitor 
(Fitbit), and actively encouraged her to reach walking goals. Other participants had strong internal 
motivation to improve their physical health, and began exercise additional to the exercise 
intervention (e.g. began seeing an exercise physiologist, or participating in fun runs). Two 
participants who withdrew before completing four weeks of the intervention reported better mental 
health at follow-up due to other life events (e.g. housing situation resolved). 
7.5 Discussion  
Exercise is increasingly advocated as a treatment for improving the physical and mental health of 
adults with mental illness380,381. Exercise that is consistent with participant acceptability may 
promote satisfaction and positive experiences, which in turn can promote adherence, and 
maintenance of exercise behaviour. HIIT is emerging as a promising approach to exercise training, 
however, few studies have investigated the use of HIIT with adults with mental illness, and no 
studies have compared the participant acceptability of HIIT and MICT. The aim of this study was 
therefore to compare the feasibility and acceptability of HIIT with MICT for adults with mental 
illness. A secondary aim was to evaluate the efficacy of each exercise condition on mental and 
physical health outcomes. 
Study attrition was high: 63% (n=15) of randomised participants withdrew. This is higher than 
attrition rates reported in most previous studies: 2016 meta-analyses have reported pooled attrition 
of ~20% for adults with major depression261, and ~30% for adults with schizophrenia276. About half 
of those who withdrew (n=8; 53%) did so after completing the baseline assessments, but before 
receiving their group allocation. This may indicate that the context of the exercise (exercise 
laboratory at a university), rather than the precise exercise approach, influenced participation for 
these individuals. Further, the research assessments may have increased the perceived study burden. 
VO2max was measured directly using expired air, which involved wearing a head piece and nose-
clip, breathing through a mouthpiece, and being monitored with a 12-lead ECG. No participants 
said that they withdrew because of the test; however, all participants stated that it was an unpleasant 
experience. Future research into the feasibility of exercise interventions for adults with mental 
illness could forgo fitness testing, or use indirect measures of fitness, e.g. predicted from six-minute 
walk test382,383.  
Program attrition was also high: 44% (n=7) of those who began the exercise program withdrew 
(HIIT=4; MICT=3). The most common reason for withdrawal was the exacerbation of a pre-
existing musculoskeletal injury. Participants were allowed to exercise on a different aerobic 
machine to minimise further exacerbation (e.g. stationary cycling instead of treadmill), however, 
this was not participants’ preferred choice of aerobic machine, and was often not enough to prevent 
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pain. Other reasons for withdrawal included transport related issues (fuel costs, unable to organise 
regular attendance), and self-consciousness about attending a busy university. The feasibility of 
HIIT and MICT programs could be improved by including rehabilitation exercises to prevent injury 
(e.g. core stability exercise for participants with low back pain), or including a range of other 
aerobic machines to reduce impact (e.g. upper body ergometer). Programs could also incorporate a 
lower-intensity pre-conditioning phase to reduce exercise related pain. Accessibility could be 
improved by offering transport assistance, or conducting exercise programs at community exercise 
facilities (e.g. YMCA, PCYC), or within the local neighbourhood (e.g. outdoor walking groups). 
Most (86%) of those who withdrew from the program, did so in the first six weeks. This suggests 
that participants face barriers to remaining engaged in a program, and that more focused support 
(e.g. transport assistance) during these first six weeks could improve feasibility. Participants who 
completed the program did so with high attendance: median attendance was 81% and 86% for HIIT 
and MICT groups, respectively. Anecdotally, those with strong social support or internal motivation 
had highest attendance. Facilitating social support and increasing internal motivation during the first 
six weeks of the program may improve overall adherence to an exercise intervention384,385. Social 
support could be increased by encouraging participants to exercise with a friend or someone they 
know, or by facilitating a ‘team’ environment among exercise participants, e.g. by providing team t-
shirts, or setting group challenges (e.g. cumulatively walk a certain distance every week). 
Motivation could be increased by including exercise counselling or motivational interviewing in an 
intervention386.  
Contrary with our hypothesis, HIIT and MICT appear to have similar feasibility and acceptability: 
attendance and withdrawal rates, and responses on acceptability questionnaire items were similar 
between the two groups. Most HIIT and MICT participants found the exercise enjoyable, and said 
they would like to do the exercise outside of the study. This could indicate that adults with mental 
illness value engagement in exercise generally, but that the precise exercise approach may be less 
relevant.  
No significant between- or within-group differences in mental health were found at post-
intervention. There appeared to be a general trend toward lower scores of depression, anxiety and 
stress, and improved wellbeing at post-intervention, however, these did not reach significance. 
Compared with other mental health measures for HIIT and MICT participants, anxiety for HIIT 
participants had the greatest reduction (median reduction of 43%): The three participants who 
completed at least 70% of HIIT sessions demonstrated a complete remission of anxiety symptoms 
post-intervention. Due to small sample size, however, this was not statistically significant (p=0.06). 
Anecdotally, participants with positive expectation and a commitment to the exercise benefitted 
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most. A diverse range of life circumstances (e.g. housing, medication etc.), however, may have 
influenced mental health outcomes independent from potential exercise effects. 
No significant between-group differences in CRF were found at post-intervention. Previous studies 
in patients with cardiometabolic disease have found that HIIT imparts additional improvements in 
VO2max over MICT (19% vs. 10% increase; mean difference ~3 ml/kg/min)284, and that HIIT 
protocols using a 4x4-minute intervals were most efficacious284. The HIIT protocol included 3x4-
minute intervals because we believed that 4x4-minute intervals would be too demanding for 
someone beginning from an inactive and sedentary lifestyle, and with a chronic mental illness. This 
may have reduced the potential for HIIT to impart significantly greater improvements in CRF than 
MICT. Interestingly, some participants who completed ≥70% of exercise sessions had lower post-
intervention CRF than baseline (2xMICT, 1xHIIT: 66% and 33% of participants who completed 
≥70% of sessions, respectively). Exercise-induced fitness adaptions vary largely among individuals: 
individual CRF response to exercise can range from negative or null changes (‘non-responders’ or 
‘low-responders’), to positive changes (‘high-responders’)387-390. It is possible that some participants 
in the small sample were non-responders, which may account for reduced CRF at post-intervention 
for some participants.  
This is the first study to compare the feasibility and acceptability of HIIT and MICT for adults with 
mental illness. A strength of this study is that our sample had a diverse range of psychiatric 
diagnoses. Previous research into HIIT for adults with mental illness has focused on patients with a 
particular diagnosis (e.g. schizophrenia, depression, substance use)296-299. Understanding the 
feasibility and acceptability of different exercise approaches for heterogeneous patient groups may 
guide the implementation of exercise programs in mental health services, where patient groups are 
likely to be diverse. A limitation is that this study was underpowered to detect between- or within- 
group differences in study outcomes. The type of mental health treatments (e.g. medications, 
psychotherapy), or changes to these treatments, were not assessed, which may have confounded 
mental health outcomes. Further, medical comorbidities were not assessed; medical comorbidities 
may influence the feasibility of HIIT for patients with particular conditions because of associated 
pain and mobility restrictions353,354. Larger trials are necessary to assess the efficacy of HIIT and 
MICT for adults with mental illness, and more comprehensive assessment of potential confounders 
and covariates.  
7.6 Conclusion 
This is the first study to compare the acceptability of HIIT and MICT for adults with mental illness. 
Both HIIT and MICT may be acceptable forms of exercise for adults across a range of mental 
illnesses. Community-based exercise programs with tailoring of exercises to participant preferences 
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and abilities may improve feasibility and reduce withdrawal rates. More work with larger sample 
sizes is needed to determine if HIIT or MICT is more efficacious for improving physical and mental 
health in this group. 
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8 Discussion  
Mental illness is highly prevalent in society. Adults with mental illness experience reduced 
longevity, increased risk of chronic disease, and have poorer psychosocial wellbeing than the 
general population. The poor health of adults with mental illness is an important public health issue, 
and more focused management is necessary to improve health outcomes of this group.  PA can 
positively influence physical and mental health outcomes, whereas prolonged SB can have a 
negative effect. Measuring PA and SB is important to understand health behaviours, and to evaluate 
change in response to PA and SB intervention. It is therefore important to employ research methods 
that are feasible and acceptable for adults with mental illness, and to use appropriate analytical 
methods to maintain data quality.  
Adults with mental illness tend to have low levels of PA and exercise. Given the excess mortality, 
and high prevalence of preventable chronic diseases in adults with mental illness, it is important to 
understand how to positively influence PA in this group. Adults with mental illness may have 
unique PA attitudes and opinions that influence the adoption and maintenance of an active lifestyle. 
It is therefore important to understand the PA preferences, motivators, barriers and attitudes, and the 
feasibility and acceptability of different exercise approaches for this group.  
The aim of this PhD program was to measure, understand, and positively influence the physical 
activity (PA) patterns in non-institutionalised adults with mental illness. Specific objectives were to 
assess, for adults with mental illness: 
1. The utility of questionnaires and accelerometers for measuring PA and SB. 
2. Data management procedures for questionnaire and accelerometer data. 
3. The levels of PA and SB. 
4. The PA preferences, motivators, barriers and attitudes. 
5. The utility of two different kinds of exercise training.  
This chapter contains a critical reflection on how each objective was met with reference to the wider 
literature. 
8.1 Objective 1: To assess the utility of questionnaires and accelerometers for measuring PA 
and SB in adults with mental illness 
Previous studies of the utility of PA and SB data collection methods for adults with mental illness 
have focused on researcher-centred indicators of the utility of reseach measures, such as validity 
and reliability183,184,214,303. Participant-centred indicators include participant burden and 
acceptability. Research measures with high participant burden, or that participants find difficult to 
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complete, may affect feasibility (e.g. recruitment, completion rates) and subsequent data quality 
(e.g. due to low adherence). Adults with mental illness may have difficulty completing PA and SB 
recall measures, or wearing accelerometers, due to cognitive impairments associated with some 
mental illnesses. The feasibility and acceptability of PA and SB research measures are therefore 
important considerations for conducting PA and SB research with this group.  
8.1.1 Feasibility 
PA questionnaires were more feasible than SB questionnaires: More participants requested 
assistance to complete the SB questionnaire (n=32; 23%) than the PA questionnaire (n=1; <1%). I 
assisted participants who requested assistance by providing detailed recall prompts. For example, to 
assist participants recall time spent sitting for travel on a usual day, I asked about their usual weekly 
travel destinations (shopping, appointments etc.), the weekly frequency and duration of travel to 
these destinations, and what mode of transport they used (e.g. car, bus). Anecdotally, most 
participants who requested assistance with the SB questionnaire would have been unable to 
complete the questionnaire independently. To assess the potential impact of these prompts, I 
compared self-reported SB estimates from participants who requested assistance with those from 
participants who self-administered. Self-report estimates were statistically similar, and so data from 
all participants were pooled.  
Accelerometry had high feasibility: 88% of participants met the standard accelerometer wear-time 
criteria of accumulating valid data on at least 10 hours/day on four days of the week (including a 
weekend day). This compliance is similar to general population studies, e.g. 77% for a Swedish 
study305, and 76% for the 2003-2004 NHANES sample306. A Hong Kong study of 3,600 adults 
found that 60% of participants provided 4 days of valid monitoring, and that accelerometer wear 
time was positively associated with full-time employment, non-smoker status, tertiary education, 
and high self-reported health307. Participants of this study, however, demonstrated high compliance 
(88%) from a sample with high unemployment (88% not working) and smoking status (56%), low 
tertiary education (14%), and poor health (71% low rated health). Other accelerometry studies with 
adults with mental illness using the same wear-time criteria (four days including one weekend day) 
have reported similar or lower compliance: 54%210 and 83%212. This high compliance may be 
explained by aspects of the protocol that promote compliance, such as a daily log, follow-up phone 
calls during the monitoring period, and a financial gratuity308. Further, most participants reported 
completing the accelerometer diary throughout the day (62%), checking a clock, watch or phone for 
accurate times (72%), and recording every time the monitor was off (76%). Most participants 
reported rarely forgetting to put the monitor back on after taking it off (89%), or not wearing the 
monitor due to discomfort (91%).  
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Accelerometer compliance may have been improved by researcher contact and rapport building at 
the beginning of the study. At the initial meeting where I gave participants an accelerometer, I 
conducted a structured diagnostic interview (MINI-Plus: Mini International Neuropsychiatric 
Interview; data presented in Appendix 11.1.2.3). Participants who provided concise responses to the 
MINI-Plus interview completed within 30 minutes; however, often participants provided additional 
information about their life experiences, sometimes taking up to 120 minutes. I specifically showed 
interest, and asked further questions about these experiences rather than redirecting back to the 
interview. This was done out of respect for the personal information that people shared, and may 
have improved rapport with the participant, and subsequent adherence to the research protocol.  
Phone call reminders on the first day of accelerometer monitoring may have improved compliance. 
Phone call reminders were important, because often participants had misunderstood the protocol. 
For example, one participant reported that she was adhering to her study-prescribed walking 
program; when reminded that she was only to do her usual activities, she reported stopping her 
walks. Further, one participant’s data were unable to be used because he only wore the monitor to 
sleep. On the initial phone call, this participant reported not wearing the monitor at the time, but that 
he would put it back on later. I did not realise that this participant had misunderstood the protocol – 
precise questions and instructions over the phone can aid participants to complete a study protocol 
correctly.  
Log book recording and the 24 hour/day accelerometer wear protocol may have improved 
compliance by increasing engagement. Participants were asked to complete a diary during the 
monitoring period (Appendix 11.2.7), which included recording times spent sitting or lying down 
during the day for approximately 15 minutes or longer, and any time spent participating in 
structured exercise programs, with a brief description of the behaviour (e.g. watching TV, daytime 
napping, sports etc.). Daily log book recording, and a 24-hour wear protocol increases participant 
burden; however, it may have kept participants mindful about the protocol, and reduced non-wear 
time before bed or after waking up in the morning.  
Accelerometry may be less feasible for adults with some disorders. All participants lost to the 
accelerometer component in Study 1 had psychotic and/or substance use disorders, and some of 
these participants had psychological reactions to wearing the monitor. One participant said that he 
felt anxious when wearing the monitor; another participant said that she could feel uncomfortable 
amounts of energy radiating from the device. Two other participants had paranoia about what the 
accelerometer was measuring, but did not withdraw from the study. One participant had a comorbid 
eating disorder and psychotic disorder, and was withdrawn by her doctor (GP) due to exacerbation 
of eating disorder symptoms. The feasibility of accelerometry research with people with psychoses 
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may be improved by engagement with clinical staff or support workers to help monitor reactions, 
and provide additional information about the device when necessary.  
8.1.2 Acceptability 
PA questionnaires had higher acceptability than SB questionnaires: 46% of respondents rated 
recalling PA as ‘easy’, compared with 21% for recalling sitting time. This is similar to a study with 
inpatients with mental illness, which reported that 48% of respondents rated recalling PA as easy, 
and 21% for recalling sitting time391. The Active Australia questionnaire asks about MVPA 
completed in the previous week, which tends to be purposeful (e.g. walking for transport), and may 
be easier to recall than unstructured sedentary behaviours. MVPA also accounts for a smaller 
proportion of waking hours than SB (~3% compared with ~65%, measured by accelerometry) 
which could increase ease of recall. Further, the SB questions asked participants to report SB on a 
usual day; averaging sitting time for a usual day may have been more difficult than recalling 
behaviour in the previous week. This may also be reflected by the higher correlation between self-
report and accelerometer-derived estimates of MVPA (PA: rs=0.44, p<0.001; SB: r=0.21, p=0.08). 
PA and SB questionnaires were less acceptable for participants with high distress than those with 
low distress, whereas accelerometry had similar acceptability across participants with high or low 
distress. Recalling PA and SB is a complex cognitive task, which people experiencing 
psychological distress may find more challenging. Conversely, accelerometry may be less 
burdensome because the device simply needs to be worn. This is similar to a study with inpatients 
with mental illness, that found that self-report PA and SB questionnaires were less acceptable than 
accelerometry391. The higher difficulty of completing recall questionnaires may result in poorer data 
quality and higher attrition for PA and SB studies with this group. Objective measures may 
therefore be necessary to measure PA and SB in participants with more severe symptoms. Further, 
wearing the accelerometer during the day had lower difficulty ratings than completing SB 
questionnaires for the whole cohort, suggesting that accelerometry is a useful measure of SB for 
adults with mental illness.  
8.1.3 Significance and innovation 
Here I presented the first evidence on the perceived ease or difficulty of completing accelerometry 
and PA and SB self-report questionnaires for non-institutionalised adults with mental illness. This is 
an original contribution to the field of physical activity and health in adults with mental illness, 
because accelerometry and questionnaires are common PA and SB research measures, and the 
acceptability of these measures can influence the participant experience with research, and impact 
adherence to research protocols, and data quality. I demonstrated that adults with mental illness can 
participate in accelerometry research with high compliance to wear protocols. The study design and 
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research process that I employed (e.g. face-to-face contact with participants and rapport building, 
financial incentive, daily log book etc.) may have increased compliance, which is important 
knowledge for researchers seeking to conduct accelerometry research with this group. The finding 
that accelerometry is more acceptable as a measure of SB than questionnaires for adults with mental 
illness experiencing high distress is significant, because adults with mental illness with more severe 
symptoms, or more psychosocial difficulties (e.g. financial stress, social isolation) may be at greater 
risk of physical inactivity and negative health outcomes. This is the first evidence to suggest that it 
may be more feasible to engage this high-risk group in PA and SB research using objective 
measures. 
Clinical interpretation: Self-report PA recall measures can be useful in a clinical setting with adults 
with mental illness. Objective measures may be necessary for measuring SB, and for measuring PA 
and SB in adults with more severe symptoms.  
8.2 Objective 2: To assess data management procedures for questionnaires and 
accelerometry in adults with mental illness 
Accurate measurement of PA and SB is important to determine prevalence of PA and SB, and to 
evaluate the impact of PA and SB interventions. PA and SB questionnaires are widely used because 
of their ease of use, and inexpensive administration. Accelerometers allow for unbiased 
measurement of PA and SB, and are more acceptable than questionnaires for adults with mental 
illness experiencing psychological distress. It is important to remove inconsistencies in 
questionnaire and accelerometer data management procedures to minimise the potential for errors to 
be introduced during the post-processing phase of analysis. Few studies have investigated the use of 
relative valid-day criteria317, and no studies have specifically compared the use of relative and 
absolute valid-day criteria, or statistically assessed the appropriateness of questionnaire data 
truncation rules. 
8.2.1 Accelerometry 
Use of absolute valid-day criteria (defined as an absolute duration of wear time) systematically 
biased the participant sample by excluding participants with shorter waking hours. More than a 
quarter of the sample were excluded due to short waking hours when using the 12 hours/day 
criterion, indicating that recent suggestions of using a valid-day criterion of over 12 hours/day320,322 
may not be appropriate for adults with mental illness. The use of relative valid-day criteria (defined 
as a proportion of waking hours) does not exclude participants with short waking hours, because 
compliance to a relative criterion does not depend on an absolute duration of wear time. Further, the 
use of absolute valid-day criteria resulted in more algorithmically identified non-wear time than 
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relative criteria, which biases estimates of PA and SB levels331, and can alter cross-sectional or 
longitudinal associations321,323,326. This may be particularly important for research with population 
groups characterised by excessive or highly varied sleeping patterns, or subgroups within a 
participant sample that have low adherence to accelerometer wear protocols (and therefore high 
non-wear times). To be inclusive of participants with short waking hours while limiting non-wear 
time, I recommended using a relative valid-day criterion. The use of relative valid-day criteria 
would enhance comparability of results across studies by removing the potential bias introduced in 
the post-processing phase caused by using absolute valid-day criteria (i.e. high non-wear times, and 
unnecessary exclusion of data).  
8.2.2 Questionnaires 
Using an outlier identification procedure, I showed that the truncation guideline of 28 hours/week 
for total self-reported MVPA on the Active Australia questionnaire may be justified, because it did 
not truncate any data that were not classified as outliers. There was also justification for extending 
this truncation guideline to 38 hours/week for adults with mental illness. Given that only 11% of 
participant responses were truncated using the 28 hours/week truncation rule when calculating Sr-
MVPA/week, use of the more conservative truncation criterion would result in similar estimates of 
Sr-MVPA/week. Further, because truncation only applies to extreme values of self-report data, 
truncating at 38 hours/week would not affect the median summary statistics presented in Chapter 5.  
8.2.3 Significance and innovation 
I presented the first analytical comparison of two different types of accelerometer valid-day criteria. 
I found that commonly used accelerometer compliance criteria may not be appropriate for 
population groups with varied or excessive sleep patterns, such as adults with mental illness. This is 
a significant and original contribution to the field of physical activity and health, because bias 
introduced in the post-processing phase of analysis by use of inappropriate data management 
criteria may result in misinformed conclusions due to Type 1 and Type 2 error. I also presented the 
first analysis of PA questionnaire data truncation rules. By comparing self-report data with 
accelerometer-derived estimates of activity, I found that the Active Australia questionnaire’s 
truncation guideline could be extended. This is an important proof-of-principal analysis, because 
truncation rules are commonly employed despite a lack of empirical justification for doing so. This 
analysis could be replicated in other population groups (e.g. general population), and for other PA 
or SB questionnaires. 
Clinical interpretation: When using accelerometry and self-report questionnaire data, care should be 
taken to employ appropriate data management procedures for adults with mental illness. 
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8.3 Objective 3: To assess the levels of physical activity and sedentary behaviour in adults 
with mental illness 
The shorter life expectancy, and higher risk of developing chronic disease compared with the 
general population is well documented25,33. PA protects against these outcomes349, and can reduce 
depression and anxiety250. High levels of SB are associated with increased risk of morbidity and all-
cause mortality161, and may also be associated with poor mental health123,169. It is therefore 
important to understand the levels of PA and SB in adults with mental illness. 
8.3.1 Questionnaire 
I used the Active Australia questionnaire to assess PA, which asks about walking for transport, 
walking for recreation, vigorous yard work, vigorous activity (e.g. sports), and other moderate 
intensity activities (e.g. gentle swimming). Participants had high self-reported levels of moderate-
to-vigorous physical activity (MVPA): The median time spent in self-reported MVPA was 4.5 
hours/week (IQR=1.8-12), and 70% of participants reported at least 150 minutes/week, consistent 
with PA recommendations. This is similar to one other study that assessed PA in patients with 
bipolar disorder using a two-item recall questionnaire (71% achieving 150 minutes/week of 
MVPA)206. Other studies have found a lower proportion of adults with mental illness meeting PA 
recommendations: a recent meta-analysis, and a recent cross-sectional study, found that 
approximately 57%392 and 39%207 of patients with schizophrenia achieved guidelines of 150 
minutes/week of MVPA. However, researchers have often operationalised “recommendations” 
differently, e.g. one study reported that 39% of their sample engaged in at least 20 episodes of PA 
per month199. A validation study of the interviewer-administered IPAQ reported that 26% of 
participants with schizophrenia met PA guidelines of at 150 minutes/week183. Higher levels of self-
reported MVPA found in our study may be due to differences in diagnostic composition of samples 
– we recruited adults across a range of mental illnesses, whereas other studies have tended to recruit 
participants of a specific diagnosis (e.g. schizophrenia211,392, depression and/or anxiety210, and 
bipolar disorder209). Differences could also be due to different recall periods; we asked about PA in 
the previous week, while others have asked about a usual day202, and a typical week185. One study 
using the Active Australia questionnaire with inpatient adults across a range of mental illnesses had 
similar results, reporting that 65% met PA guidelines393. Comparability across studies would be 
enhanced by use of standardised PA and SB questionnaires designed for use, and validated, with 
adults with mental illness394.  
The most common type of activity was walking, which is in agreement with other research185,199,201, 
and has been reported as a popular and safe form of PA for individuals with serious mental 
illness361. Respondents spent more time walking for transport than recreation: Median duration 
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walking for transport was 2 hours/week, compared with 1 hour/week for recreation. Longer 
durations spent walking for transport than other PA contexts may indicate a general aversion to 
purposeful PA, and accumulation of PA incidentally. Increasing PA in non-transport contexts may 
be important, given that previous research has identified that accumulating PA in non-transport (but 
not transport) contexts may improve self-reported happiness as much as other contexts128. High 
reported durations for walking for transport may reflect low car ownership in this group. Time spent 
doing yard work, or other moderate activities, had the lowest self-report estimates (median duration 
0 hours/week for both items). Anecdotally, most participants lived in units or share houses, which 
may have reduced opportunities for participating in gardening activities.  
Participants were highly sedentary: The median time spent in self-reported SB was 10.3 hours/day 
(IQR=6.3 to 14.5). This is higher than self-report estimates of SB in previous research: one other 
study assess the duration of sedentary time in adults with mental illness, and found average sitting 
times of 5.1 hours/day201. This study used a SB questionnaire with a single question about sitting 
time, which may underestimate SB182, and did not assess reclining time, which was identified as a 
potential source of bias because of the anecdotally large amount of time spent lying down by adults 
with mental illness201. I used a SB questionnaire which asked about sedentary time in six domains 
including reclining behaviour, which may improve recall. High levels of SB in adults with mental 
illness could be due to medication side-effects (e.g. lethargy, weight gain), symptoms of mental 
illness (e.g. avolition, anhedonia, psychomotor retardation), and socio-behavioural issues (e.g. 
social isolation, low self-esteem or self-confidence). Sitting to watch TV contributed most to self-
reported SB time, with a median duration of 2.8 hours/day (IQR=1.3-4.6). Self-reported time spent 
lying down, not including sleep, contributed more to total sedentary time than sitting at work or 
using a computer. This may be because of low employment in adults with mental illness (88% of 
the sample were not working). It could also reflect lower computer literacy and ownership in people 
with chronic mental illnesses.  
8.3.2 Accelerometry 
The median daily accelerometer-derived time spent in SB, light activity, and MVPA, was 552 
minutes (65%), 257 minutes (30%), and 26 min (3%), respectively. Meta-analyses with adults with 
schizophrenia reported pooled accelerometer-derived time spent in SB, light activity and MVPA of 
754 minutes/day (IQR=538-970)395, and 188 minutes/day (IQR=173-203) and 42 minutes/day 
(IQR=34-50), respectively392. Another meta-analysis with adults with bipolar disorder found that 
participants spent approximately 613 minutes/day (95%CI=390-837) in SB, and 210 minutes/day 
being physically active396. Differences between estimates of time spent in PA and SB could be 
because of the different sample characteristics: I recruited a sample across a range of mental 
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illnesses, whereas previous research typically involves individuals with specific diagnoses356,392,396. 
Further, previous accelerometry studies have used absolute valid-day wear-time criteria to 
determine valid accelerometer data, which can over-estimate time spent in SB in adults with mental 
illness347. In my study, the median daily proportion of accelerometer-derived time spent in SB, light 
activity, and MVPA 65%, 30% and 3%, respectively, which is similar to a previous accelerometry 
study with a working population that reported 69%, 27% and 4% for SB, light activity, and MVPA 
during non-work hours397.  
I also assessed bout characteristics: About one third of SB was accumulated in prolonged bouts of at 
least 20 minutes, which is roughly consistent with a previous study that reported 42% of sedentary 
time was accumulated in bouts of at least 20 minutes in adults with depression and/or anxiety210. 
This indicates that SB intervention in adults with mental illness could be beneficial, given that 
prolonged SB can cause deleterious metabolic changes157. I also assessed breaks in SB: Participants 
tended to break up SB with short bouts of light activity, which may have health implications, given 
that previous research has shown that interrupting SB every 20 minutes is beneficial157. Only a 
small proportion (7%) of accelerometer-derived MVPA time was accumulated in at least 10-minute 
bouts. This is consistent with a previous study with adults with severe mental illnesses, that reported 
4% of MVPA time was accumulated in at least 10-minute bouts212. The low proportion of PA 
accumulated in extended bouts may indicate that adults with mental illness generally accumulate 
PA incidentally, rather than in purposeful exercise. One other study reported that 43% of MVPA 
time was accumulated in at least 10-minute bouts in a sample of adults with depression and/or 
anxiety210; however, MVPA bouts were calculated with an allowance of 2-minutes below the 
MVPA accelerometer threshold in this study, which may explain differences with our results.  
8.3.3 Comparison of questionnaire and accelerometer data 
In our study, self-reported MVPA was greater than accelerometer-derived MVPA, which is 
commonly reported in research comparing objective and self-reported estimates of activity181. This 
may be because of the differences in how questionnaires and accelerometers measure PA and SB. 
Accelerometers can capture brief periods of incidental activity, whereas most PA questionnaires ask 
about purposeful activity (e.g. walking for transport). Similarly, accelerometers can measure breaks 
in PA and SB (e.g. rest during a walk, getting up for a drink during work), whereas self-report 
measures may not be sensitive to breaks. However, meta-analyses with adults with schizophrenia or 
bipolar disorder have found higher objective estimates of PA and SB392,395,396, which may be due to 
the different self-report measures used. 
Self-reported and objectively measured MVPA were significantly correlated (rs=0.44), which is 
consistent with correlations between self-report and accelerometer-derived estimates of MVPA in 
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previous studies with adults with mental illness183,398-401. However, no significant correlation was 
found between self-report and accelerometer-derived estimates of SB, which may indicate low 
validity of the SB questionnaire for adults with mental illness. This low validity may be due to the 
low acceptability of the SB questionnaire: completing the SB questionnaire was rated as more 
difficult than completing the PA questionnaire, or wearing the accelerometer.  
8.3.4 Significance and innovation 
I measured the levels of PA and SB in a diagnostically heterogeneous sample of community-based 
adults with mental illness using a combination of self-report and objective measures. This is an 
innovative contribution because most previous studies have only used self-report methods, or have 
focused on groups of adults with a single psychiatric diagnosis. The combined use of questionnaires 
and accelerometry provides additional insight into the PA and sedentary behaviours of community 
adults across a range of mental illnesses, which can inform the design and implementation of 
pragmatic PA and SB interventions for this group.  
Very few studies have assessed the time spent in SB for adults with mental illness. My assessment 
of self-reported and accelerometer-derived SB in this group is a significant contribution because of 
the impact that SB can have on health. I used a SB questionnaire which assessed SB in six domains, 
which may improve recall, and which provides insight into the domains in which SB is 
accumulated. I extended previous SB research by assessing reclining behaviours – the non-
assessment of which has been identified as a source of bias in previous research201.  
My analysis extends previous accelerometry research with adults with mental illness with its 
assessment of bout characteristics. This is important, because how PA and SB are accumulated may 
have health implications. The finding that a high proportion of sedentary time is accumulated in 
prolonged bouts, and a small proportion of PA is accumulated in bouts of at least 10 minutes in 
duration, suggests that PA and SB interventions designed to change patterns of PA and SB may be 
beneficial.  
Clinical interpretation: Adults with mental illness should be encouraged to increase PA in leisure 
time, and to accumulate PA in longer duration, purposeful bouts. They should also be encouraged to 
reduce screen time and time spent lying down, and to break up prolonged sedentary time with 
incidental activities.  
8.4 Objective 4: To assess the physical activity attitudes, preferences, motivators and 
barriers in adults with mental illness 
PA can positively influence health and wellbeing, however, studies indicate that adults with mental 
illness have low levels of PA356,392.  More work is therefore needed to develop appealing PA 
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interventions for this group. Adults with mental illness may have specific attitudes toward PA 
which could influence adoption, adherence, and maintenance of an active lifestyle. Understanding 
the PA preferences and attitudes of adults with mental illness may inform the style and delivery of 
interventions for this group. 
8.4.1 Preferences 
Detailed PA context preferences of adults with mental illness were assessed using questionnaires. 
Previous research has only assessed limited context preferences (e.g. preference for group or 
individual exercise)243, or only recruited inpatients with mental illness249. The most preferred 
activity type was walking, which is similar to studies with the general population360 and adults with 
schizophrenia and bipolar disorder361,402. This is also consistent with respondents’ actual behaviour: 
walking for transport and recreation were the two most common activity types reported using the 
Active Australia questionnaire333,393. Commonly endorsed activity context preferences, such as 
exercise done close to home, and in the outdoors, and programs that are not just about exercise, are 
consistent with previous research with adults with psychosocial distress248. The preference for 
exercise programs done close to home may be indicative of transport barriers for adults with mental 
illness, and a desire for convenient exercise options. Outdoor exercise and exposure to green space 
can be beneficial for mental health403, and the preference for outdoor exercise may represent a 
desire to ‘get out of the house’, which was the third most commonly endorsed motivator for PA. 
Interventions not just about exercise may be more appealing because of the potential for variation 
and multiple intervention components to stimulate interest.  
Respondents also preferred to do exercise with people at their level of ability, and with someone 
they know. This could reflect a desire to avoid situations where negative comparisons about ability 
can be made, and the desire for social support. The importance of social support for engaging this 
group in exercise has also been identified by clinicians in previous activity research362. These 
program characteristics may be important for people exhibiting weight gain (e.g. due to 
psychotropic medication), who may be more vulnerable to self-consciousness and body image 
issues363, and who may be at higher risk of developing chronic physical conditions such as 
metabolic syndrome.  
Preferred source of support 
An exercise instructor was the most commonly endorsed source of support for PA, and more 
respondents preferred direct exercise guidance, than just exercise advice. More highly distressed 
participants were more likely to want direct exercise guidance from an exercise instructor. This may 
reflect a low exercise confidence and self-efficacy in adults with mental illness, particularly for 
those with high distress. Interestingly, distress was not associated with the preference for support 
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from medical professionals, potentially indicating that non-clinical exercise support is preferred. 
This may be because adults with mental illness who are experiencing high psychological distress 
already have high contact with medical and clinical staff, and have a desire for more normalising 
exercise experiences. Exercise instructors, such as personal trainers and exercise physiologists, may 
need to be upskilled to confidently work with adults with mental illness404. Such training could 
include education to increase mental health literacy, reduce stigma, and advice on how to consult 
with clients about how their mental illness affects their preferences and barriers to exercise405.  
Personal training (PT) had a high degree of acceptability: most respondents thought that personal 
trainers were friendly, made exercise fun, and increased motivation; however, the financial cost of 
PT was a barrier. The desire to have regular contact with a fitness professional is consistent with 
previous research402. Most respondents would prefer PT in a park or community gym, indicating a 
general aversion to the commercial gym setting, and a desire to exercise outdoors. Previous research 
suggests that PT alone may not be enough to increase adherence to an exercise program406. Exercise 
instructors who can provide good humour, a non-judgemental environment, and encouragement 
may be most effective228,230,234. Personal trainers who have been trained in exercise counselling or 
motivational interviewing may be able to assist adults with mental illness to overcome barriers to 
exercise.  
8.4.2 Barriers and motivators 
Common barriers to PA participation included poor physical and mental health, and lack of money. 
Several barriers were associated with psychological distress, including being too tired, shy or 
embarrassed, unable to get organised, and exercise causing exhaustion; these identified barriers are 
consistent with previous research240. Being too shy or embarrassed may be due to low self-
confidence and self-esteem in this group22,60. Sedation is a commonly reported symptom of some 
psychiatric medications364, which may increase feelings of tiredness or exhaustion in response to 
exercise for people with high distress. Most participants (70%) disagreed that lack of access to 
childcare was a barrier, however, this may have been because few participants reporting living with 
children (9%). Parents of young children may find the lack of childcare a significant barrier; 
exercise facilities with childcare options, or ‘mums and bubs’ exercise classes could assist these 
people. Highly distressed participants may face greater barriers to PA, or may be less able to 
overcome such barriers.  
All questionnaire items for PA motivators were endorsed by at least 60% of respondents, suggesting 
that adults with mental illness are motivated to do PA and recognise its multiple benefits. The most 
commonly endorsed motivators were to improve mental health, and to get stronger/fitter, suggesting 
that adults with mental illness recognise the important of exercise for physical and mental health. 
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Consistent with a recent meta-analysis, these motivators and perceived benefits were also identified 
as barriers to exercise participation246.  Spending time with family or friends had a lower rate of 
agreement (66% - second lowest item endorsed), and 70% (fourth lowest item endorsed) of 
respondents endorsed making new friends as a motivator, which may reflect social isolation in this 
group.  
8.4.3 Significance and innovation 
I assessed detailed activity context preferences of adults with mental illness, which is an innovative 
contribution because previous studies have only assessed basic context preferences (e.g. exercise in 
a group or solo). I specifically assessed participant attitudes toward personal training as a source of 
PA support. This is a significant and innovative contribution because of the increase in community 
personal training programs being offered through local community-based mental health support 
organisations. I also analysed responses by psychological distress, which is important for discerning 
the PA attitudes, barriers and preferences, for a group which is potentially more difficult to engage, 
and with greater need of intervention. The well-documented poor health outcomes of adults with 
mental illness is driving increased interest in exercise intervention for individuals with mental 
illness; these analyses will assist future design and implementation of interventions for community 
adults recovering from mental illnesses.  
Clinical interpretation: Support should be provided to adults with mental illness to enable 
participation in existing community PA opportunities that are aligned with their individual 
preferences. PA interventions implemented in the clinical setting should take an individualised 
approach, and involve exercise supervision by professionals trained to work with adults with mental 
illness.  
8.5 Objective 5: To assess the utility of two different kinds of exercise training 
Regular exercise has a range of health benefits. It can improve cardiorespiratory fitness (CRF), 
which is inversely related to all-cause mortality and cardiovascular morbidity371. Exercise also 
reduces depression and anxiety250,252,267, and symptoms of schizophrenia372, and can improve 
quality of life in adults with mental illness282. My investigation into the PA preferences of adults 
with mental illness revealed that walking was the most preferred activity type. Walking is a 
moderate intensity aerobic exercise which is beneficial for health; however, exercise at higher 
intensities may have a greater impact on physical health outcomes. Given the poor health outcomes 
of adults with mental illness, there is a need to compare the feasibility and acceptability of exercise 
programs that are efficacious at improving physical health.  
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High-intensity interval training (HIIT) involves alternating short bursts of high intensity exercise 
with recovery periods, and can lead to greater improvements in CRF than moderate-intensity 
continuous training (MICT)284,285. Preliminary evidence suggests that HIIT is a feasible exercise 
protocol for adults with mental illness. Mean attendance rates have ranged from 68%-92%, and 
attrition has ranged from 10%-36%296,297,299,300. Common reasons for withdrawal have been due to 
pain or physical discomfort from the exercise296,300, and lacking motivation300, however, no studies 
have compared the feasibility of HIIT and MICT. From a patient perspective, HIIT may be more 
appealing than MICT, because a similar health benefit can be achieved in a shorter time period. 
Additionally, the short bursts of activity involved in HIIT may be more enjoyable than traditional 
endurance training301. Conversely, some patients may find the higher intensity exercise 
uncomfortable302. HIIT has been rated as more enjoyable than MICT in cardiometabolic patients284, 
however, no studies have compared the acceptability of HIIT and MICT for adults with mental 
illness. Comparing the feasibility and acceptability of HIIT and MICT for adults with mental illness 
is important to determine which may be most effective in a real-world exercise intervention setting.  
8.5.1 Feasibility 
The feasibility of HIIT and MICT programs was similar. Study attrition was high: 63% (n=15) of 
randomised participants withdrew. About half of those who withdrew (n=8; 53%) did so after 
completing the baseline assessments, but before receiving their group allocation. This may indicate 
that the context of the exercise (exercise laboratory at a university), rather than the precise exercise 
approach, influenced participation for these individuals. Of the 16 participants who began the 
exercise program, 44% (n=7) withdrew. The most common reason for withdrawal from both HIIT 
an MICT conditions was the exacerbation of a pre-existing musculoskeletal injury; exercise has an 
inherent risk of injury, and HIIT appears to have similar risk as MICT. We only included 
individuals who were inactive for this study; these individuals may therefore have been 
deconditioned, and more susceptible to pain in response to moderate or vigorous exercise intensity. 
Further, deconditioned individuals may struggle to comply with a prescribed exercise program, 
particularly a high-intensity regime. However, withdrawal rates were similar for HIIT and MICT 
conditions, indicating that withdrawal rates may have been independent of exercise intensity. Other 
reasons for withdrawal included transport related issues (fuel costs, unable to organise regular 
attendance), and self-consciousness about attending a busy university.  
Most (86%) of those who withdrew from the program, did so in the first six weeks. This suggests 
that participants face barriers to remaining engaged in a program, and that more focused support 
(e.g. transport assistance) during these first six weeks could improve feasibility. Participants who 
completed the program did so with high attendance: median attendance was 81% and 86% for HIIT 
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and MICT groups, respectively. Anecdotally, those with strong social support or internal motivation 
had highest attendance. Facilitating social support and increasing internal motivation during the first 
six weeks of the program may improve overall adherence to an exercise intervention. Social support 
could be increased by encouraging participants to exercise with a friend or someone they know, or 
by facilitating a ‘team’ environment among exercise participants, e.g. by providing team t-shirts, or 
setting group challenges (e.g. cumulatively walk a certain distance every week). Motivation could 
be increased by including exercise counselling or motivational interviewing in an intervention386.  
8.5.2 Acceptability 
Both HIIT and MICT may be acceptable forms of exercise for adults with mental illness: 
approximately equal proportions of participants in each condition said that they enjoyed the 
exercise (100% HIIT, 63% MICT; p>0.1), and would like to continue doing that kind of exercise 
outside of the study (63% in HIIT and MICT). This may indicate that adults with mental illness 
value exercise generally, and that the precise exercise approach is less relevant. However, group 
differences in acceptability items may not have been detected with statistical significance because 
of the small sample size. For example, higher proportions of HIIT participants agreed that they 
enjoyed the exercise (100% HIIT, 63% MICT), and found the exercise too hard (25% HIIT, 0% 
MICT), whereas higher proportions of MICT participants agreed that they looked forward to the 
exercise sessions (38% HIIT, 50% MICT), and disagreed that they found the exercise too hard 
(50% HIIT, 75% MICT). Larger studies are required to infer differences or similarities in the 
perceived acceptability of HIIT and MICT. 
A high proportion of HIIT and MICT participants agreed that they’d feel confident doing the 
exercise unsupervised (75% in HIIT and MICT). This may be because of the exercise support that 
was provided. Participants were given heart rate monitors, which may have made adhering to 
prescribed training intensities easier than if using a manual method (e.g. carotid pulse). The exercise 
supervisor encouraged participants to change their own aerobic machine parameters (e.g. speed, 
incline) to adhere to the prescribed intensities, to promote recall and familiarity with the program. 
Supervision was also tapered in the final month: participants were expected to complete one 
unsupervised session/week away from the university facility, and the exercise supervisor assisted 
participants to plan an exercise route (e.g. running around a nearby park), which may have 
improved confidence with unsupervised exercise.  
8.5.3 Efficacy 
No significant between-group differences in CRF were found at post-intervention. Previous studies 
in patients with cardiometabolic disease have found that HIIT imparts additional improvements in 
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VO2max over MICT (19% vs. 10% increase; mean difference ~ 3 ml/kg/min)284, and that HIIT 
protocols using a 4x4-minute intervals were most efficacious284. We used 3x4-minute intervals 
because we believed that 4x4-minute intervals would be too demanding for someone beginning 
from an inactive and sedentary lifestyle, and with a chronic mental illness. This may have reduced 
the potential for HIIT to impart significantly greater improvements in CRF than MICT.  
No significant group differences in mental health were found at post-intervention. However, there 
appeared to be a non-significant trend toward lower scores of depression, anxiety and stress, and 
improved wellbeing at post-intervention. Anecdotally, participants with positive expectation and a 
commitment to the exercise benefitted most. A diverse range of life circumstances (e.g. housing, 
medication etc.), however, may influenced mental health outcomes independent from potential 
exercise effects. Changes to medications or psychological therapies were not assessed during the 
intervention which may have confounded results. 
Low compliance to aspects of the exercise protocol may have negatively impacted potential 
improvements in CRF and mental health. Participant heart rates were monitored using heart rate 
monitors during supervised sessions to ensure the training intensity was reached. Participants were 
also given the heart rate monitors to use during their unsupervised sessions; however, compliance to 
the prescribed exercise intensity may have been lower in unsupervised settings. Even though there 
were only four unsupervised sessions in the 36-session program, potentially lower compliance 
during these sessions may have compromised physiological adaptations required for improved CRF 
and mental health (via e.g. endorphin production). This may have been particularly true for 
participants who chose cycling as their aerobic exercise, because achieving a heart rate of 85-95% 
of their maximum for 3x4-minute sets may be difficult to reliably achieve when cycling around 
neighbourhood streets due to unpredictable terrain. Further, the lack of personal contact inherent in 
the group supervised sessions may have reduced the beneficial effects of social interaction. 
8.5.4 Strengths and innovation 
I presented the first comparison of the acceptability of HIIT and MICT for adults across a range of 
mental illnesses. Our sample had a diverse range of psychiatric diagnoses, whereas previous 
research into HIIT for adults with mental illness has focused on patients with a particular diagnosis 
(e.g. schizophrenia, depression, substance use)296-299. This is a significant contribution, because 
understanding the feasibility and acceptability of different exercise approaches for heterogeneous 
patient groups may guide the implementation of exercise programs in mental health services, where 
patient groups are likely to be diverse.  
Clinical interpretation: Both high and moderate intensity aerobic exercise are acceptable forms of 
exercise for adults with mental illness. PA interventions implemented in a clinical setting should 
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provide clients the option of different intensity exercise regimes, and encourage clients to try the 
higher intensity conditions if suitable, so they can assess acceptability of the exercise after having 
experienced the program.  
8.6 Implications  
Implications of the data and analyses presented in this thesis relate to research and practice. 
Research implications concern the feasibility and acceptability of research methods, such as 
recruitment methods, participant contact, the use of objective or self-report measures, data analysis, 
and improving adherence to exercise interventions.  Implications for practice concern the effective 
engagement of adults with mental illness in exercise program, such as how to structure and 
supervise exercise programs to improve acceptability. 
8.6.1 Implications for research 
Implications about the feasibility of conducting observational PA and SB research with adults with 
mental illness can be drawn from Study 1. Researchers should employ a combination of referral and 
researcher invitation recruitment methods to attain a larger sample size, and to ensure that a higher 
proportion of potential participants (e.g. health service clients) are invited to the study, than if either 
recruitment method is used alone. Researchers should specifically consider the participant 
experience for the ethical implementation of research, and to increase adherence to a study protocol, 
and data quality. For example, deliberate effort should be made to give participants a positive 
experience, and a feeling of contributing to valuable research, rather than being ‘used’ for data 
collection. Face-to-face contact at the beginning and end of the study period can increase the sense 
of accountability. Verbal instructions about the study protocol in person and over the phone may 
increase adherence and data quality. Including a daily log and financial incentive can also improve 
adherence.  
Objective measures of PA and SB should be used with adults with mental illness because of the 
higher perceived ease of completion, particularly for people experiencing high psychological 
distress. Increased involvement of treating staff (e.g. mental health clinicians) may improve 
adherence for people experiencing psychotic or substance use disorders. Analysis of objective PA 
and SB data should specifically focus on patterns of PA and SB accumulation, such as bout 
characteristics, because of its impact on health. For accelerometry data, a relative valid-day criterion 
should be used to determine compliance instead of the commonly used absolute criteria. The use of 
relative valid-day criteria would enhance comparability of results across studies by removing the 
potential bias caused by using absolute valid-day criteria (i.e. high non-wear times, and unnecessary 
exclusion of data). 
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Self-report measures of PA should be used in combination with objective measures, to understand 
the types of activities that adults with mental illness commonly do. Because adults with mental 
illness tend to accumulate PA incidentally, self-report measures of PA could include items about 
incidental activities, such as housework and grocery shopping etc. Similarly, self-report measures of 
SB could be used in combination with objective measures to understand the domains in which 
adults with mental illness accumulate SB; however, more work is needed to improve the validity 
and ease-of-use of self-administered SB recall measures. Reclining behaviours should be included 
in self-report measures of SB for adults with mental illness. Sitting time at work or while using a 
computer contribute less to total sedentary time than other domains, but should still be included to 
cover a broad range of sedentary domains. The use of questionnaire truncation rules may be 
statistically justified, and more lenient truncation rules could be employed for the Active Australia 
questionnaire. However, given the paucity of research into the empirical basis of questionnaire data 
management rules, more research is warranted.  
To improve feasibility, exercise intervention studies for adults with mental illness should be 
conducted at accessible facilities, such as community gyms, or in local neighbourhoods (e.g. 
outdoor exercise groups), because participants may perceive university settings to be unfamiliar, 
intimidating, and difficult to travel to. However, high withdrawal rates have also been reported in 
community programs407. If possible, transport assistance should be provided to help participants 
overcome transport barriers. Interventions should include a pre-conditioning phase to prepare 
participants for the exercise load, and reduce the likelihood of injury. Aerobic exercise interventions 
should include a range of aerobic exercise machines (e.g. upper body ergometer, recumbent bike) to 
reduce impact and potential exercise-related pain, and cater for participant preference. The 
involvement of a physiotherapist or exercise physiologist to screen for musculoskeletal conditions 
could reduce exercise-related pain404,408. To reduce participant burden, sub-maximal fitness tests 
could be used as a measure of cardiorespiratory fitness383. Alternatively, more comfortable 
equipment could be used to measure maximal oxygen uptake during a maximal fitness test, such as 
calorimetry.  
8.6.2 Implications for practice 
Exercise programs that cater for participant preferences may improve satisfaction with the program, 
which could improve adoption and maintenance of exercise behaviour. Data presented in this thesis 
suggest that that exercise programs for adults with mental illness should be implemented locally to 
improve accessibility. This could include outdoor walking groups, or PT programs at a community 
gym, which may be more acceptable exercise venues than gyms at a university or hospital facility. 
The program should be multi-component, and include a social aspect (e.g. going out for coffee after 
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the session), and health education (e.g. nutritional education, smoking cessation etc.). To increase 
comfort and reduce anxiety about attending an exercise group, participants could be allocated to 
groups based on physical ability, and allowed to bring a friend or support worker with them. This 
may also improve social support, which plays an important role in improving adherence and 
maintenance of physical activity362,384.  
An exercise instructor should provide professional instruction, and guide participants through their 
exercise sessions. This is particularly important for participants experiencing high distress, because 
they may be less able to overcome exercise barriers, such as low motivation, and have lower 
exercise confidence. Exercise instructors, such as personal trainers, should be specifically trained to 
work with people recovering from mental illness to improve their sensitivity to patient concerns366, 
and to support appropriate referral to a clinician should mental health complexities arise. Exercise 
instructors could also be trained in motivational interviewing or exercise counselling to assist 
participants with motivation and overcoming physical and mental health barriers. Other 
professionals involved in the care of people with mental illness, such as doctors and mental health 
staff, should be engaged to increase patient support for adopting an active lifestyle. Doctors and 
mental health staff could e.g., provide advice on PA benefits, encourage participation in PA 
programs, and where possible, accompany them to exercise sessions and assist with transport.  
The involvement of physiotherapists and exercise physiologists could improve exercise prescription 
for an individual’s presentation of risk factors381,389. Potential musculoskeletal pain in response to 
exercise could be reduced by individualising exercise programs, such as including rehabilitation 
exercises to prevent injury (e.g. core stability exercise for participants with low back pain), or 
including a range of other aerobic machines to reduce impact (e.g. upper body ergometer). 
Programs should also incorporate a lower-intensity pre-conditioning phase to reduce the likelihood 
of injury. The volume and intensity of the exercise load should be monitored closely using heart 
rate monitors, exercise logs, and participant feedback, to ensure that participants aren’t under- or 
over-training.  
Exercise confidence should be promoted by including unsupervised exercise requirements. The 
exercise instructor could enable unsupervised exercise by conducting a supervised exercise session 
in a location that the participant would choose to do unsupervised exercise (e.g. a park near their 
residence). The exercise program should promote independence by including exercises that 
participants can do unsupervised. For example, the program could include walking or jogging 
instead of exercise equipment that may not be accessible outside of the program, and resistance 
exercises that can be performed at home, such as calisthenics, or lifting household items (e.g. bag of 
rice etc.). Objective monitoring devices, such as heart rate monitors, pedometers, or FitBits, could 
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be used for self-monitoring, with the requirement that participants report back to the exercise 
instructor with their weekly activity to involve a level of accountability, which can be important for 
individuals with external locus of control for exercise behaviour239. The use of exercise self-
monitoring devices is consistent with PA preferences of adults with schizophrenia and bipolar 
disorder402. Unsupervised exercise and self-monitoring may also improve autonomous motivation, 
which may improve self-efficacy and promote an internal locus of control409, which are related to 
maintenance of health promoting behaviour385,410,411.  
Adults with mental illness have a diverse range of individual circumstances, and because PA 
preferences, motivators and barriers may change over time (e.g. due to changes in illness 
progression/recovery, employment, relationships, life events etc.)367, broadly targeted, one-size-fits-
all interventions may be difficult to justify368. PA interventions designed according to the majority 
preference may be appealing to a high proportion of the target group; however, when trying to 
increase PA engagement of a marginalised and disadvantaged group, such as adults with mental 
illness, an individualised approach may be most effective369. For example, known PA correlates 
may be used to tailor an intervention to an individual’s psychosocial, health and demographic 
characteristics. Reviews of correlates of PA in adults with mental illness have identified that low 
PA is associated with: Lower self-efficacy and the presence of medical comorbidities216-218; social 
isolation216,217,219; symptomatology (depressive symptoms in people with depression218, negative 
symptoms in people with schizophrenia217, hyperarousal in people with PTSD220, alcohol abuse in 
people with alcohol use disorders221), and other health and demographic characteristics (e.g. BMI, 
lower education, side-effects of antipsychotic medication, unhealthy lifestyle habits)216-219; 
predictors of high levels of SB in people with bipolar disorder include higher body mass index, 
lower physical fitness and higher antipsychotic medication dose412. An individualised intervention 
may include an initial screening process where these known correlates are assessed, and employing 
strategies for addressing identified factors (e.g. if social isolation identified, include a social support 
component).  
8.7 Limitations 
Potential sample bias 
Recruitment methods for Study 1 and Study 2 included self-referral and staff referral. These 
recruitment methods involved non-probabilistic sampling, and may therefore have caused sampling 
bias. Self-referral involved individuals reading the study poster (which was situated among many 
other posters in mental health clinic waiting rooms) and initiating contact with the researcher; this 
self-referral process may have screened out individuals with lower cognition or motivation. Staff 
may have referred patients who they considered to be more capable of completing the study, which 
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may have biased the sample toward those with higher functionality. This potential bias may be 
reflected by the higher proportion of referred participants that completed both Study 1 components 
(95% of referred participants, compared with 42% of researcher invited participants). To assess 
potential sampling bias, the researcher asked staff at the first recruitment organisation in Study 1 to 
report the number of their clients that they invited to the study. After several verbal and email 
requests, only two staff members had responded with the information, so this strategy was 
discontinued. This may reflect the case load of mental health staff, and the lower priority of 
externally initiated research. 
Participants for Study 1 were also recruited via researcher invitation, which is also convenience 
sampling. To maximise recruitment via researcher invitation, hospital staff recommended that the 
researcher attend busy clinic times. This likely resulted in sample bias, because the busiest times 
were clozapine depot clinics; the sample in Study 1 therefore had an over-representation of 
individuals with psychotic disorders (33%).  
Sampling bias due to the recruitment organisations may have also been present. In Study 1, we 
recruited from mental health services and organisations only. Only people who were receiving 
support for their mental health were therefore included, which may exclude people who have not 
presented with severe enough symptoms to warrant treatment, or who have not chosen to seek help.  
Potential volunteer bias 
Our Study 1 and Study 2 samples may also be subject to volunteer bias; for example, people with 
higher PA levels or interest in PA opportunities may have been more likely to participate. Similarly, 
people with greater severity of symptoms or cognitive impairment may have been more likely to 
decline or withdraw. In Study 1, participants completed accelerometry after the questionnaires; it 
may therefore be that participants who had greater difficulty with questionnaires were more likely 
to decline the accelerometry, thus biasing the accelerometry sample to the “more capable”. This 
may be exemplified by the lower attrition in the accelerometry (12% vs. 22% for the questionnaire); 
however, questionnaire ease/difficulty ratings for participants who declined or withdrew from the 
accelerometry were similar to those who completed.  
Participant samples  
The diverse group of adults across a range of diagnoses in Study 1 and Study 2 limits investigation 
into diagnosis-specific research questions (e.g. activity levels of people with depression vs 
psychoses); however, the sample may be broadly representative of community-dwelling adults 
recovering from mental illnesses. Our samples were not statistically powered to investigate the 
interaction of other possible covariates, such as psychiatric diagnosis, socioeconomic status etc. In 
Study 2, the sample was underpowered to detect between- or within- group differences in physical 
Chapter 8 
 
144 
and mental health, or acceptability outcomes. Further, medical comorbidities, and the type and dose 
of psychiatric medications were not assessed. Medical comorbidities and psychiatric medications 
may influence participation in research (e.g. by condition specific barriers such as pain or 
immobility, medication side-effects e.g. sedation), and may influence PA attitudes or engagement in 
PA and SB.  
Potential limitations in measurement 
In Study 1, participants may have reacted to being physically monitored by changing physical 
activity levels. Previous research has shown that reactivity to PA measurement is a concern when 
using devices that provide feedback about activity levels, or when asking participants to record 
activity in a log (e.g. recording pedometer measured step count)345,413-415. Accelerometers used in 
this study do not provide feedback to participants; however, detailing daily behaviours (structured 
activities, or sedentary behaviours approximately 15 minutes or more in duration) may have 
increased reactivity to the study. Anecdotally, approximately equal numbers of participants reported 
either increasing sedentary time (to prevent recording multiple sedentary bouts), or decreasing 
sedentary time (to prevent recording any sedentary bouts). When the researcher was collecting the 
accelerometer after the monitoring period, participants commonly said that doing the study made 
them realise how little activity they do. Further, one of the referring staff members reported that one 
of the participants enjoyed the accelerometer study, and subsequently obtained a pedometer from 
the library to help her monitor her walking for depression management. A limitation for the analysis 
of data from Study 1, is that multiple testing was performed on the same data, which may increase 
the probability of Type 2 error. However, even though data from the same cohort was used for 
multiple hypothesis testing, each unique ‘set’ of data was only used once, i.e. data on the 
ease/difficulty of completing research measures were used in Chapter 2, data on PA and SB levels 
were used in Chapter 5, data on PA preferences, attitudes, motivators and barriers were used in 
Chapter 6. The significance level was Bonferroni corrected for multiple comparisons in Chapter 6. 
Accelerometer data was also used in Chapters 3 and 4, however, hypothesis testing was not 
performed in these analyses.  
For both study 1 and 2, self-reported psychiatric diagnoses may be subject to reporting errors; 
however, these data were only used to describe the sample and were not used for inferential 
analyses. Psychiatric medications were not assessed, as this was considered less relevant to the 
study aims. Study 2 involved completing 12-weeks of supervised exercise; some participants may 
have had treatment changes over this period, such as change in medication type and dose, or change 
in type or frequency of psychotherapy sessions, which may have confounded results. This was a 
pilot investigation however, and treatment changes were not assessed.   
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In Study 1, self-reported PA corresponded to the week prior to the accelerometry measurement 
period. Despite this limitation, moderate correlation was found between self-reported PA and 
accelerometer-derived PA (ρ=0.44). As a proof-of-principal demonstration, we used the relationship 
between questionnaire and accelerometer data to assess the appropriateness of questionnaire 
truncation rules. Comparison between questionnaire and accelerometry data should be interpreted 
with caution because of the lack of concurrent measurement. We were unable to assess the 
appropriateness of truncation rules for the SB questionnaire because of the lack of significant 
correlation between self-report and accelerometer-derived estimates (ρ=0.08).  
Validity of the Active Australia, and the SB questionnaires has not been assessed in adults with 
mental illness. We were unable to reliably assess concurrent validity with accelerometry in our 
research, because of the different time periods over which each measure was applied. The SB 
questionnaire asked about SB on a usual day, which may be more robust to acute changes in 
behaviour, and more comparable with average daily accelerometry estimates. The lack of 
significant correlation between self-report and accelerometer-derived SB (ρ=0.08), however, may 
indicate that more work needs to be done in developing valid SB self-report measure for adults with 
mental illness.  
As in all survey studies, it is unknown if all participants understood the questions about PA 
preferences, attitudes and barriers in Study 1, or interpreted them in the same way. This may be 
particularly relevant to adults with mental illness due to impairment of memory186,187, and 
cognition188-190. However, participants had the opportunity to ask questions and receive assistance 
with comprehension. The questions about PA preferences, attitudes, barriers and motivators were 
not based on a theoretical behaviour change model; questions based on a behaviour change model 
may have had greater utility for informing PA intervention design.  
In Study 2, recruitment was slower than anticipated. Because we employed block randomisation 
with four participants at a time, some participants had to wait until others were recruited before 
beginning the study. This waiting period was sometimes two weeks or more, because participants 
had to complete one week of accelerometer monitoring prior to the other baseline tests. To try to 
reduce this waiting period, most participants were allocated to their study condition prior to 
completing all the baseline assessments. Consequently, one of the researchers was aware of 
participant allocation prior to completing the baseline tests, which may have influenced results 
given that non-blinded trials can overestimate the treatment effect by 17%416. Blinded assessments 
may have reduced potential sources of bias in physical health outcomes; however, the primary aim 
of the pilot study was to compare the feasibility and acceptability of HIIT and MICT, which were 
assessed using self-administered questionnaires and procedural information that are not influenced 
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by unblinded assessment. Individual randomisation after completing baseline assessments would 
reduce participant waiting periods, and facilitate blinded baseline assessment.  
8.8 Future research directions 
In Study 1, more participants requested assistance to complete the SB questionnaire than the PA 
questionnaire, and difficulty ratings were higher for the SB questionnaire. This may indicate that an 
interviewer-administered SB questionnaire may be more appropriate than self-administered for 
adults with mental illness. Anecdotally, participants had difficulty averaging the time spent 
sedentary for a usual day. Future research could investigate the ease/difficulty of a previous day 
interviewer-administered SB recall questionnaire with time- and domain-specific prompts, rather 
than usual day questions.   
Accelerometry was rated as a more acceptable data collection method than questionnaires for adults 
with mental illness experiencing high psychological distress. Future research could investigate the 
feasibility and acceptability of using other objective data collection methods with this group, such 
as devices in mobile phones (e.g. accelerometry, GPS), which may be less burdensome given the 
increasing ubiquity of mobile technologies in everyday life. Other wearable devices such as 
ActivPal, FitBits, Jawbones, Apple Watch etc. could also be investigated.  
Future investigation into data management rules for PA and SB questionnaires and accelerometry 
could be applied to a large sample of individuals with a specific psychiatric diagnosis (e.g. people 
with schizophrenia), a larger sample of individuals across a range of diagnoses, or the general 
population. Valid-day and valid-week accelerometer data management rules could be investigated 
using similar techniques to those presented in this thesis. Sleep detection algorithms could be 
applied to remove the need for self-reporting sleep-wake times. Empirical validation of truncation 
guidelines for PA and SB questionnaires would require concurrent measurement with 
questionnaires and accelerometry. Pattern recognition algorithms could be used to investigate 
truncation guidelines of individual questionnaire items (e.g. walking detection algorithms could be 
used to estimate total walking time), or participants could be asked to record the relevant activities 
in a daily time-use log. Other data management rules, such as recoding, could be examined by 
comparing the distributions of raw and recoded data sets. Larger samples would also allow 
investigation into the reporting differences between diagnostic groups, for example, people with 
severe mental illness may be more likely to make reporting errors, or have more varied sleep 
patterns, which could be investigated statistically.  
Research into the PA and SB levels of adults with mental illness would benefit from more 
sophisticated analyses on the moderators and mediators of PA and SB in this group. Examination of 
mediation and moderation effects can improve intervention design and implementation by 
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providing empirical support for the variables that need targeting for behaviour change. Objectively 
measured PA and SB could be combined with questionnaire data on PA preferences, attitudes, and 
barriers developed within the framework of a theoretical behaviour change model, to combine 
theory-driven ideas with empirical support for PA intervention. Future research could assess the 
influence of medical comorbidities and the type and dose of psychiatric medications on PA 
preferences, attitudes and barriers, and on the patterns of PA and SB.  
PA and SB interventions for adults with mental illness could assess the feasibility of technological 
devices for increasing PA and reducing SB in this group (e.g. FitBits, mobile phones). Reducing or 
breaking-up reclining and TV time could be a target of SB interventions for this group. PA 
interventions for adults with mental illness could target increasing recreational walking, or 
increasing walking cadence, given previous research indicating its impact on health352. Future 
research could compare HIIT with treatment-as-usual to establish whether HIIT is more effective 
than usual mental health treatment alone417. Interventions for people with severe mental illness or 
high levels of distress could evaluate the use of additional support strategies to overcome barriers, 
such as transport and financial support, one-on-one exercise support (e.g. personal training), and 
exercise counselling. Research into novel exercise interventions could assess differences in 
response by psychiatric diagnosis, and potential mediators for the mental health benefits of exercise, 
such as social interaction and self-efficacy. Exercise and healthy lifestyle interventions could be 
economically evaluated. Translating PA research into clinical and community practice should be a 
priority418,419. 
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9 Conclusions 
This research indicates that adults with mental illness can engage with self-report and objective 
methods of PA and SB data collection. The validity of accelerometry research, and comparability 
across accelerometry studies would be enhanced by the use of relative valid-day criteria, defined 
using the proportion of waking hours.  
Adults with mental illness have high levels of SB, and spend most of their sedentary time watching 
TV. The most common activity was walking for transport; few participants engaged in other 
moderate or vigorous activities. Low cost, neighbourhood outdoor walking or personal training 
programs, that include optional social and healthy lifestyle components, and that are led by an 
exercise instructor who can provide assistance with motivation and overcoming physical and mental 
health barriers may enable exercise adoption and maintenance in adults with mental illness. Given 
the diverse range of PA preferences identified however, exercise interventions may need to be 
designed with flexibility for individual attitudes and circumstances. High-intensity interval training 
may be a feasible and acceptable form of exercise for adult with mental illness. A combination of 
strategies should be employed to enable participation, such as transport assistance, promoting social 
support, and tapering exercise load and supervision. 
Healthy lifestyle interventions implemented in this way could improve PA adoption and 
maintenance in adults with mental illness. Coordination of such programs across community sites 
has the potential to improve physical and mental health outcomes in this marginalised societal 
group.  
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11 Appendices 
11.1 Additional Research Output 
11.1.1 Conference Abstracts 
11.1.1.1 2012 ICPAPH conference abstract 
 
Chapman J, Brown W, Burton N. Characteristics of physical activity interventions with adults with 
mental illness: A review. Oral presentation at the 4th International Congress on Physical Activity 
and Public Health (ICPAPH), Sydney Australia, October 31st-November 3rd; 2012. 
Presenter: Justin J Chapman  
Introduction:  Information on the characteristics of physical activity intervention studies can be 
used to suggest future directions in this area. The aim of this study was to examine the 
characteristics of physical activity intervention studies with adults with mental illness.  
Methods:  A literature search was conducted to identify journal articles published up to February 
2012 that described physical activity intervention studies with measured psychological outcomes in 
adults (18-70 y) with mental illness.  Studies were excluded if the sample was restricted to 
participants with eating disorders, or if data collection was retrospective, qualitative, or focused on 
acute effects of exercise. Data were extracted on sample and intervention characteristics.   
Results: 24 unique studies met the inclusion criteria (18 RCTs, 6 pre/post). Study samples were 
comprised of outpatients only (n=8), community-based participants (n=8), inpatients only (n=4), or 
a combination (n=4).  17 studies constrained the sample to a particular diagnosis e.g. depression 
(n=9), a specific anxiety disorder (n=5), or schizophrenia (n=3); 7 studies included people across a 
range of diagnoses.  Sample sizes ranged between 9 and 108 (mean= 43; SD=31).  Most 
interventions used aerobic exercise (n=9), walking only (n=4), or yoga (n=3), 10 allowed some 
choice in the exercise program. While not always identified, common exercise settings were 
hospital premises (n=8), or community gyms (n=5).  Intervention duration ranged from 1-20 weeks, 
with the number of supervised sessions ranging from 1-7 per week. Activity programs tended to be 
supervised by e.g., an experienced instructor (n=10), mental health professional (n=4), or study 
personnel (n=4). Additional unsupervised exercise was required in 7 studies. 16 studies involved 
exercise in groups. Additional intervention program components included activity counselling 
(n=4), health seminars (n=2), individual exercise tailoring (n=2), providing exercise apparel (n=2), 
pairing with a staff exercise buddy (n=1), using family members to prompt exercise (n=1), and 
exercise monitoring by carers (n=1) or a psychologist (n=1). Incentives were used in 4 studies and 
included food vouchers, money or course credit. Attrition rates ranged from 0-44% (mean=17%; 
SD=12%).  Reported rates of adherence ranged from 47% to 100% (mean=76%; SD=40%).  
Discussion: Most studies were group based aerobic physical activity interventions, with people with 
the same type of mental illness, in a hospital based or gym setting. Few studies have tailored 
program characteristics to participant preferences, offered programs with more physical activity 
options, or worked with heterogeneous patient groups. 
11.1.1.2 2013 The MHS conference abstract 
 
Chapman J, Brown W, Burton N. Physical activity preferences of adults with mental illness. Poster 
presentation at The Mental Health Services 23rd National conference in Melbourne, August 20th-
23rd; 2013 
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Presenter: Justin J Chapman  
Learning objectives 
What will people from the audience gain or learn from attending this presentation? 
 This presentation will provide information that can be used to inform the design of 
physical activity intervention programs for adults with mental illness. 
How is this topic/issue relevant to mental health services and mental health issues? 
 Physical activity can enhance the mental and physical health of adults recovering 
from mental illness, and is an important and emerging focus of both clinical and non-clinical 
practice. 
 
Physical activity is positively related to mental health and quality of life for adults with mental 
illness (1). Studies have shown that adults with mental illness have low levels of physical activity 
(2). Further research is needed to support the development of physical activity programs for this 
group. The aim of this survey study was therefore to assess the physical activity preferences of 
community-based adults with mental illness. A survey study was conducted with a convenience 
sample (n=50) recruited from community and hospital sites in Brisbane, Queensland. Of the 
respondents, 70% said they were not as physically active as they’d like to be. The majority of 
participants believed they would be more active if accompanied by a support worker (65%) or if an 
exercise instructor helped them to exercise (70%); only a third (35%) believed they’d be more 
active if a doctor or psychologist advised them.  Most respondents preferred activities that are part 
of a healthy lifestyle program (95%) or include a social aspect (85%), and exercise to be conducted 
outdoors (75%) and with people of their level of ability (75%). These results suggest that adults 
with mental illness require support to begin and maintain an active lifestyle, and prefer a holistic 
approach to activity interventions. 
 
1. Vancampfort, D., et al., Lack of physical activity during leisure time contributes to an 
impaired health related quality of life in patients with schizophrenia. Schizophr Res, 2011. 129(2-
3): p. 122-7. 
2. Morgan, V.A., et al., People living with psychotic illness 2010. Report on the second 
Australian national survey. 2011. 
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11.1.1.3 2013 School of HMS Postgraduate student conference abstract 
 
Chapman J, Breakspear M, Brown W, Burton N. Physical activity and sedentary behaviours of 
adults with mental illness: a quantitative and behavioural approach. Oral presentation at the 
School of Human Movement postgraduate conference at Stradbroke Island April 11th-15th; 2013.  
 
Presenter: Justin J Chapman  
Supervisors 
Wendy Brown and Nicola Burton 
Affiliations 
Centre for Research on Exercise Physical Activity and Health 
School of Human Movement Studies 
The University of Queensland 
 
The poor physical and psychosocial health of adults with mental illness is a serious public health 
issue, and has been declared a National Health Priority Area. People with severe mental illness die 
up to 25 years earlier than the general population - a mortality gap which is largely attributed to 
preventable medical causes of death such as cardiovascular disease. Physical activity can play a role 
in the prevention of many chronic diseases experienced by adults with mental illness, and is 
positively related to mental health and quality of life for this population group. It has been 
consistently shown that adults with mental illness have lower physical activity and high sedentary 
behaviour compared to the general population, however, it is unknown if this behaviour is related to 
the symptomatology of mental illness or to deeper underlying pathophysiology. A number of 
studies have pointed towards universal laws governing human behavioural organisation – 
specifically, how resting and active periods are interwoven throughout daily life. Some mental 
illnesses exhibit a breakdown of these behavioural laws, and alteration in the ‘natural’ distribution 
of sedentary and active periods. Exercise intervention may provide a means to influence these 
movement patterns; however, adults with mental illness may have unique attitudes and preferences 
for physical activity which influence compliance and reactivity to an exercise program. 
Understanding the behavioural and neurological origins of physical movement and its mediating 
influences is important for addressing the physical and psychosocial wellbeing of this population 
group. This presentation will present preliminary findings on the physical activity attitudes, barriers, 
preferences and motivators for adults with mental illness, movement pattern analysis for specific 
disorders, and future research directions.  
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11.1.1.4 2014 Be Active conference abstract 
 
Chapman, J., Fraser, S., Brown, W., and Burton, N. Physical activity attitudes, preferences, barriers, 
and motivators of adults with mental illness. Oral presentation at the Be Active National Physical 
Activity Conference (NPAC), Canberra, Australia, October 15th-18th; 2014.  
 
Presenter: Justin J Chapman 
Introduction:  Adults with mental illness may have unique attitudes towards physical activity that 
should be considered for physical activity promotion in this group. The aim of this study was to 
assess the physical activity preferences, barriers and motivators; and attitudes towards personal 
training of non-institutionalised adults with mental illness.  
Methods: Participants were recruited from hospital outpatient clinics and community-based mental 
health organisations in Brisbane, Australia. Participants completed a self-administered 
questionnaire about their physical activity preferences, barriers and motivators, and attitudes. 
Participants rated their agreement/disagreement on a 5-point Likert scale. Descriptive statistics 
(frequencies and percentages) were calculated for each item, and used to identify responses 
endorsed by the majority of participants.   
Results: Of those who consented to the study, 20% subsequently withdrew or were unable to be 
contacted; 144 individuals completed the questionnaire. Most respondents preferred activities that 
were not just about exercise e.g. being part of a healthy lifestyle program (75%), and that included a 
social component such as going out for coffee afterwards (67%). Respondents also preferred 
activities that could be done close to home (84%), involve regular scheduled sessions (70%), could 
be done with people at the same level of ability (69%), and could be done with someone they know 
(69%). The most commonly cited barriers to physical activity were poor physical health (58%), lack 
of time (55%), and lack of money (54%); the most commonly cited motivator was to improve 
mental health (90%). When asked about preferred sources of assistance, most respondents identified 
an exercise instructor to guide them through each exercise session (71%), and  to tell them how to 
exercise  (62%); fewer respondents identified advice from a doctor (GP) (58%) or a 
psychologist/counsellor (51%), or being accompanied by a support worker (53%) would help them 
be more active. When asked about personal training, most respondents thought that it improves 
motivation to exercise (77%), makes exercise fun (63%), and that “anyone” can have a personal 
trainer (56%); however, the financial cost was a commonly reported barrier (74%).  
Discussion: These results suggest that adults with mental illness are potentially interested in 
physical activity as a strategy to improve mental health, and want accessible, affordable, structured 
and multifaceted physical activity programs with professional supervision.  
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11.1.1.5 2014 Be Active conference abstract 
Chapman, J., Fraser, S., Brown, W., and Burton, N. The Feasibility and Acceptability of 
questionnaires and accelerometry for measuring physical activity and sedentary behaviour in 
adults with mental illness. Poster presentation at the Be Active National Physical Activity 
Conference (NPAC), Canberra, Australia, October 15th-18th; 2014. 
 
Presenter: Justin J Chapman 
Introduction:  Physical activity (PA) and sedentary behaviour (SB) are commonly assessed using 
questionnaires and accelerometry. The aim of this study was to assess the feasibility and 
acceptability of these data collection methods for non-institutionalised adults with mental illness.  
Methods: Participants were recruited from hospital outpatient clinics and community-based mental 
health organisations in Brisbane, Australia. Participants rated the ease/difficulty of completing self-
administered questionnaires on physical activity and sedentary behaviour.  A subgroup of 
participants wore an accelerometer 24 hrs/day for seven days and completed an activity diary each 
day, and rated the ease/difficulty of completing these tasks.  Participants also answered additional 
questions about how they engaged with the accelerometer/diary study. Recruitment numbers, study 
attrition, compliance to the protocol, data outliers, and participant feedback were also examined.  
Results: Attrition was low for both study components: 22% of the questionnaire participants 
withdrew or were unable to be contacted, and 12% of the accelerometer participants withdrew; 142 
individuals completed the questionnaires, and 99 completed the accelerometer study. There was a 
difference in compliance between the self-administered questionnaires: about a quarter (23%) of 
participants required assistance to complete the SB questionnaire compared with one (1%) for the 
PA questionnaire. Compliance to the accelerometer study was favourable: 81% met the analytic 
inclusion criteria (valid wear time >90% of their day time); the median wear time for valid days was 
12.7 hours, which was 97.7% of reported day time. For the questionnaires, participants found it 
more difficult to report sitting time than lying down time (p<.0005) or physical activity (p<0.0005), 
and more difficult to report lying down time than physical activity (p=.017). Participants with high 
distress found it more difficult than participants with low distress to report their sitting time 
(p=.006) and physical activity (p=.036). Participants found it more difficult to wear the monitor 
while sleeping than during the day (p<0.0005), and to record sitting time than lying down time in 
the diary each day (p=.009). In general, questionnaires were more difficult than diaries, and diaries 
were more difficult than accelerometry.    
Discussion: Accelerometry was more feasible for assessing sedentary behaviour than 
questionnaires, and more acceptable than questionnaires and activity diaries. Physical activity can 
be feasibly assessed using questionnaires; however, questionnaires were less acceptable for people 
experiencing high distress, whereas accelerometry and diaries had comparable acceptability for 
people with high and low distress levels.  
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11.1.1.6 2014 School of HMS Postgraduate student conference abstract 
 
Chapman J, Breakspear M, Brown W, Burton N. Modelling activity patterns of adults with mental 
illness. Oral presentation at the School of Human Movement postgraduate conference at 
Stradbroke Island; April 7th-10th; 2014.  
 
Presenter: Justin J Chapman  
Abstract 
The poor physical and psychosocial health of adults with mental illness is a serious public health 
issue, and has been declared a National Health Priority Area. Adults with mental illness have lower 
physical activity and high sedentary behaviour compared to the general population, however, it is 
unknown if this is related to social and behavioural issues associated with mental illness or to a 
deeper underlying pathophysiology. Previous studies have pointed towards universal laws 
governing human behavioural organisation – specifically, how resting and active periods are 
interwoven throughout daily life. Some mental illnesses exhibit a breakdown of these laws, and 
alteration in the ‘natural’ distribution of sedentary and active periods. Modelling the anomalous 
activity patterns in adults with mental illness may further our understanding of the neurobiological 
influences of reduced physical activity and increased sedentary behaviour in this group. In our 
recent study, 99 adults with mental illness recruited from hospital outpatient clinics and community 
sites wore an accelerometer for 7 days. The cumulative distributions of active and resting periods – 
defined as activity counts above or below a predefined threshold - were modelled using heavy-tailed 
distributions (e.g. power law). This presentation will demonstrate this analysis and identify how this 
can inform further research.   
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11.1.1.7 2015 School of HMNS Postgraduate student conference abstract 
 
Chapman J, Fraser, S., Brown W, and Burton N. Physical activity and sedentary behaviour of adults 
with mental illness. Oral presentation at the School of Human Movement and Nutrition Sciences 
Postgraduate Conference at Stradbroke Island; April 3rd-6th; 2015.  
 
Presenter: Justin J Chapman 
Affiliations: The University of Queensland, School of Human Movement and Nutrition Sciences 
The aim was to assess physical activity (PA) and sedentary behaviour (SB) in non-institutionalised 
adults with mental illness, using a combination of self-report and objective measures. Participants 
completed PA and SB questionnaires, and wore an accelerometer for 7-days. Accelerometry 
estimates of time spent in SB, light activity, and moderate-to-vigorous activity (MVPA), and bout 
durations, were calculated. 142 participants completed the questionnaires, 70% of whom reported 
meeting physical activity guidelines of at least 150 minutes/week; the median self-reported time 
spent in SB was 10.7 hours/day. Walking for transport, and sitting to watch TV contributed most to 
self-report estimates. 99 participants completed the accelerometry. The median time spent in MVPA 
and SB was 26 minutes/day and 9.2 hours/day respectively; 7% of MVPA time was in bouts of 10 
minutes or more, and 34% of SB time was in bouts of over 20 minutes. In conclusion, a high 
proportion of participants met PA guidelines; however, a small proportion of activity was 
accumulated in bouts of 10 minutes or more. Participants also had high levels of SB, about one-third 
of which was accumulated in bouts over 20 minutes.  PA and SB interventions for this group could 
target increasing recreational walking, and reducing television time. 
 
Chapter 11 
 
189 
11.1.1.8 2015 Creating Futures conference abstract 
 
Chapman, J., Brown, W., and Burton, N. Exploring the use of activity measurement technologies 
for adults with mental illness. Oral presentation at the Creating Futures Indigenous research 
conference in Cairns, Australia, May 11th-14th; 2015. 
 
Presenter: Justin J Chapman 
Physical activity is commonly quantified using objective measurement devices such as 
accelerometers. However, little work has been done with adults with mental illness. Understanding 
the physical activity of adults with mental illness can help unravel the complex relationships 
between physical and mental wellbeing and guide interventions for this group. The aim of this study 
was to assess the use of accelerometry for adults with mental illness; the results are discussed in the 
context of future collaborative work with the Aboriginal and Torres Strait Islander community 
controlled health sector. Participants with a broad range of common and severe mental illnesses 
were recruited from hospital and community settings and wore accelerometers for seven days. 
Recruitment numbers, attrition, adherence to the protocol, and participant feedback were examined. 
Of those invited, 79% consented, 12% of whom subsequently withdrew. Of the 101 participants 
who completed, 81% met the minimum wear-time criteria of four valid monitoring days. The 
median wear time for valid days was 12.7 hours, which was 97.7% of their reported day. Most 
participants reported rarely forgetting to put the monitor back on after taking it off, and not wearing 
the monitor due to discomfort. The physical activity data acquired was of high quality and allowed 
quantification of patterns of sedentary behaviour and physical activity using traditional as well as 
innovative techniques. These results suggest that activity monitoring has high acceptability with 
adults with mental illness. There is a need for future work into the measurement of physical activity 
in Aboriginal and Torres Strait Islander populations, and the use of smart technologies for activity 
measurement in these groups. Future research will involve activity measurement of Aboriginal and 
Torres Strait Islanders with mental illness involved in an exercise program. Discussion will explore 
translation of existing techniques for use with this group as well as the potential for smart phone 
technologies. 
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11.1.1.9 2015 ISBNPA conference abstract 
 
Chapman, J., Fraser, S., Brown, W., and Burton, N. Objectively assessed physical activity and 
sedentary behaviour of adults with mental illness. Oral presentation at the International Society of 
Behavioural Nutrition and Physical Activity (ISBNPA) conference in Edinburgh, Scotland, June 3rd-
6th; 2015. 
 
Presenter: Justin J Chapman 
Purpose: Given the high morbidity and mortality of adults with mental illness, it is important to 
understand the levels of physical activity (PA) and sedentary behaviour (SB) in this group. The 
study aim was to objectively assess PA and SB in non-institutionalised adults with mental illness.  
Methods: This was a cross-sectional study. Participants were recruited from outpatient clinics and 
community organisations in Brisbane, Australia. Participants wore an ActiGraph GT3X+ 
accelerometer 24 hrs/day for seven days.  Data were considered valid if the accelerometer was worn 
for at least 90% of their day time on at least four days of the week, including at least one weekend 
day. Accelerometry estimates of time spent in SB, light activity, moderate-to-vigorous physical 
activity (MVPA), bout durations, and breaks in sedentary time, were calculated.  
Results/findings: Of those who consented, 12% subsequently withdrew; 101 participants 
completed the study, 76% of whom met the minimum wear-time criteria. The median duration of 
the valid days of monitoring was 14.6 hours (range=9.8 to 19.0), which was 98% (range=93% to 
100%) of wear-time. MVPA accounted for 3% (26 minutes/day) of wear-time; 7% of this time was 
in bouts of 10 minutes or more.  Light activity accounted for 30% (4.2 hours/day) of wear-time, and 
SB accounted for 65% of wear-time (9.2 hours/day), 34% of which was in bouts over 20 minutes in 
duration. The median number of breaks in sedentary time was 87 breaks/day, the median break 
length was 3.3 minutes, and the median average break intensity was 533 cpm, which is light 
intensity.  
Conclusions: Adults with mental illness spend about two-thirds of their waking time sitting or lying 
down (about a third of which is accumulated in prolonged bouts), and break up sedentary time with 
short bouts of light intensity activity. While accumulating MVPA throughout the day, only a small 
portion is accumulated in bouts of at least 10 minutes.  The results demonstrate a need for further 
research into interventions to decrease SB in this group. 
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11.1.1.10 2015 ICAMPAM conference abstract 
 
Chapman, J., Brown, W., and Burton, N. Choosing a criterion for a valid day of accelerometer 
monitoring in adults with mental illness. Oral presentation at the International Conference on 
Ambulatory Monitoring of Physical Activity and Movement (ICAMPAM), Limerick, Ireland, June 
10th-12th; 2015. 
 
Presenter: Justin J Chapman 
Background: A valid day of accelerometry is commonly defined as a pre-determined duration of 
wear time.  Difficulties can arise when using absolute valid-day criteria for adults with varied sleep 
patterns. The study aim was to compare commonly used absolute valid-day criteria (e.g. 10 
hours/day) to relative criteria, in a sample of adults with mental illness. 
Methods: Accelerometer data from 99 non-institutionalised adults with mental illness were used to 
compare different valid-day criteria.  Participants were asked to wear ActiGraph GT3X+ 
accelerometers 24 hours/day for seven days, and to note sleep and non-wear times in a diary. For a 
range of absolute valid-day criteria, “short days” were defined as days that would be excluded even 
if the monitor was worn for at least 95% of participants’ waking hours.  The mean waking duration, 
non-wear time, and time spent in sedentary behaviour (SB) and moderate-to-vigorous activity 
(MVPA) were derived from accelerometer and diary data, and compared for a range of absolute and 
relative criteria. The impact of removing non-wear time was estimated. 
Results: Absolute valid-day criteria systematically biased participants’ mean waking hours by 
excluding “short” days, and resulted in a median of 90% (IQR=50% to 180%) more non-wear time 
than relative criteria. Removal of non-wear time results in a potential underestimation in activity 
levels by <4% for a range of relative criteria.  
Discussion and conclusion: Reducing potential bias from data management procedures is 
important for improving internal validity and comparability across studies. For participant samples 
with varied waking hours, such as adults with mental illness, a valid-day criterion should be based 
on the proportion of waking duration that the monitor was worn, rather than the absolute time.  The 
specific valid-day criterion should be chosen for each study independently, and be accompanied 
with a measure of the non-wear time. 
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11.1.2 Manuscripts 
11.1.2.1 Physical activity and sedentary behaviour among inpatient adults with mental illness 
 
Fraser S.J., Chapman J.J., Brown W.J., Whiteford H.A., Burton N.W. (2015) Physical activity 
and sedentary behaviour among inpatient adults with mental illness. Journal of Science and 
Medicine in Sport, doi: 10.1016/j.jsams.2015.09.002 [In Press; Published online September 24, 
2015] 
 
Abstract 
 
Objectives: The aim of this study was to assess levels and patterns of physical activity and sedentary 
behaviour among inpatient adults with mental illness.  
Design: Cross-sectional 
Methods: 101 participants completed questionnaires on time spent in walking, moderate- and vigorous- 
intensity activity in the past week and domain specific sitting time on a usual weekday and weekend day. 36 
participants also provided valid accelerometry data. Regression analyses were used to explore associations 
between MVPA and sedentary behaviour and explanatory variables of gender, age, education, body mass 
index and psychological distress. 
Results: Self-report data indicated median of 32 minutes/day (IQR: 14.46–85.71) in weighted MVPA and a 
median of 761 minutes/day (12.7 hours) (IQR: 552.43–917.14) in sedentary behaviour. Accelerometry data 
indicated an average of 115 minutes/day in light activity, 37 minutes/day in MVPA and 664 minutes/day 
(11.1 hours) in sedentary behaviour. Bivariate analyses indicated no significant associations between 
explanatory variables and MVPA and sedentary behaviour. 
Conclusions: Inpatient adults with mental illness can be physically active, with walking comprising the 
major component of MVPA time. Inpatient adults with mental illness spend a significant amount of time 
sitting; intervention strategies could focus on reducing the time spent sitting in general relaxation and doing 
nothing.  
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11.1.2.2 Physical activity attitudes and preferences among inpatient adults with mental illness 
 
Fraser S.J., Chapman, J.J., Brown, W.J., Whiteford, H.A., Burton, N.W. (2015) Physical 
activity attitudes and preferences among inpatient adults with mental illness. International 
Journal of Mental Health Nursing, 24(5):413-20, doi: 10.1111/inm.12158 
 
Abstract  
The life expectancy of adults with mental illness is worse than that of the general population and is largely 
due to poor physical health status. Physical activity has been consistently recommended for the prevention 
and management of many chronic physical health conditions and can also have benefits for mental health. 
This cross sectional study assessed the attitudes towards and preferences for physical activity among 
inpatient adults with mental illness, and differences by distress and gender. Self-report questionnaires were 
completed by 101 patients. Findings indicated that inpatient adults with mental illness are interested in doing 
physical activity while in hospital, primarily to maintain good physical health and improve emotional 
wellbeing. Fewer than half of participants agreed that physical activity has benefits for serious mental illness. 
Participants indicated a preference for walking and physical activity that can be done alone, at a fixed time 
and with a set routine and format. Major barriers were fatigue and lack of motivation. Females were more 
likely than males to prefer activities done with others of the same gender (p=0.001) and at the same level of 
ability (p<0.001). There were no significant differences by level of distress. These findings can inform 
physical activity intervention programming in hospital settings, which may contribute to decreasing the 
chronic disease burden and improve the psychological wellbeing in adults with mental illness.  
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11.1.2.3 The feasibility and acceptability of questionnaires and accelerometry for measuring 
physical activity and sedentary behaviour among inpatient adults with mental illness 
 
 
Fraser, S.J., Chapman, J.J., Brown, W.J., Whiteford, H.A., Burton, N.W. (2015) The feasibility 
of using questionnaires and accelerometers to measure physical activity and sedentary behavior 
among inpatient adults with mental illness. Journal of Physical Activity and Health, 13(5):551-
557, doi: 10.1123/jpah.2015-0223 
 
Abstract 
Background: The aim of this study was to assess the feasibility of using questionnaires and 
accelerometers to measure physical activity and sedentary behavior among inpatient adults with 
mental illness. 
Methods: Participants completed a physical activity and sitting time questionnaire and wore an 
accelerometer for seven consecutive days. Feasibility was assessed in terms of participant 
engagement, self-reported ease/difficulty of completing study components, extreme self-report data 
values and adherence to accelerometer wear time criteria. Ease/difficulty ratings were examined by 
level of distress.  
Results: 177 inpatients were invited to the study, 101 completed the questionnaires and 36 provided 
valid accelerometry data. Participants found it more difficult to complete sitting time and physical 
activity questionnaires than to wear the accelerometer during waking hours (z=3.787, p<0.001; 
z=2.824, p=0.005 respectively). No significant differences were found in ease/difficulty ratings by 
level of distress for any of the study components. Extreme values for self-reported sitting time were 
identified in 27% of participants.  
Conclusion: Inpatient adults with mental illness can engage with self-report and objective methods 
of measuring physical activity and sedentary behavior. They were initially less willing to participate 
in objective measurement, which may however be more feasible than self-report measures.  
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11.1.2.4 Quantification of free-living activity patterns using accelerometry in adults with mental 
illness 
 
Justin J. Chapman, James A. Roberts, Vinh T. Nguyen, Michael Breakspear 
Under review with Scientific Reports (21st April 2016) 
Abstract 
Physical activity is disrupted in many psychiatric disorders. Advances in everyday technologies – 
such as the placement of accelerometers in smart phones – opens exciting possibilities for the non-
intrusive acquisition of activity data. Successful exploitation of this opportunity requires the 
validation of analytical methods that can capture the full spectrum of activity. Here, we use 
statistical methods to characterize accelerometer-derived activity patterns from a heterogeneous 
sample of 99 community-based adults with mental illnesses. Diagnoses were screened using the 
Mini International Neuropsychiatric Interview, and participants wore accelerometers for one week. 
We studied the relative ability of simple (exponential), complex (heavy-tailed), and composite 
models to explain patterns of activity and inactivity. Activity during wakefulness was a composite 
of brief random (exponential) movements and a complex (heavy-tailed) process, whereas movement 
during sleep lacked the heavy-tailed component. In contrast, inactivity followed a heavy-tailed 
process, lacking the random component. Activity patterns differed in nature between those with a 
diagnosis of bipolar disorder and a primary psychotic disorder. These results show the potential of 
complex models to quantify the rich nature of human activity and inactivity captured by 
accelerometry during wake and sleep, and the interaction with diagnosis and physical health.  
Introduction 
Mobile smart phones are ubiquitous in modern society, and their numerous sensors, such as GPS 
(Global Positioning System), gyroscopes and accelerometers, offer a unique opportunity to gather 
rich empirical data on free-living activity patterns1-5. Smart phones have been used to facilitate 
monitoring of early warning signs of relapse in patients with bipolar disorder (e.g. self-reporting 
sleep patterns)6, and smart phone accelerometers can be used to discern mood changes by 
monitoring the frequency and duration of bursts of activity7. Mobile technologies are crucial in the 
development of ‘telehealth’ systems, enabling remote interaction between patients and clinicians, 
and automated monitoring of symptoms8-11. Accelerometry also has potential in monitoring 
physical health, by measuring total activity and the distribution of sedentary bouts, which have been 
shown to be major risk factors for adverse physical health outcomes12. The opportunity to obtain 
rich behavioral data, using non-invasive methods, has elevated smart phone employment to a 
priority position in several large-scale international research efforts13-17. However, no studies have 
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systematically investigated the diagnostic potential of accelerometry data. In particular, there is a 
pressing need to explore more sophisticated analytical techniques for quantifying mental illness 
symptoms using accelerometry. 
Previous use of accelerometry in psychiatric research has established proof-of-principle utility, but 
has predominantly only analyzed basic properties of the available data. For example, accelerometry 
has been used to distinguish subtypes of schizophrenia using simple summary statistics, namely the 
mean of activity counts7,18,19. Patients with schizophrenia appear to exhibit more structured activity 
than healthy controls or people with depression, as quantified by inter-daily stability and intra-daily 
variance20, but increased disorder at shorter time scales21. Whilst informative, use of simple 
summary statistics fails to capture the rich complexity of human behavioral data stretching across 
many orders of magnitude, from a brief motion (e.g. a foot tap), to lengthy outcome-oriented 
endeavors (e.g. purposeful walking). Capturing the breadth of active and inactive behaviors requires 
techniques that quantify the entire spectrum of movement22.  
Human activity can be conceptualized as a combination of internally-driven and external cue-
triggered actions. Internally-driven actions are voluntary, purposeful actions, whereas externally-
triggered actions are executed in response to dynamic environmental stimuli23. Although these 
components – volitional versus reactive – appear to arise from distinct neural processes occurring in 
different regions of the brain24, most free-living activities are motivated by a combination of 
internal and external influences. Given the broad spectrum of influences that could potentially 
determine the timing of any action, one might assume that free-living activity can be characterized 
by random, uncorrelated statistical processes (i.e., Poisson statistics). Recent work in quantifying 
the waiting times of inter-human communications, however, points toward non-Poisson processes 
governing email communication25, web browsing26 and printing requests27. Such activities are 
characterized by bursts of rapidly occurring events interspersed with longer waiting times, resulting 
in a so-called heavy-tailed distribution of the waiting time between tasks28. This suggests that other 
types of human activity, such as physical movement, might be of a non-Poisson nature. 
Recent work building on this approach has revealed novel differences in movement patterns of 
adults with mental illness. In a small but intriguing study, Nakamura et al. demonstrated that the 
distributions of active or inactive periods in healthy adults followed distinct classes of non-Poisson 
models29. They showed that active distributions followed a stretched exponential (Weibull) form, 
implying that we become “trapped” in active states: that is, the longer we are active, the less likely 
we are to cease movement at any particular moment. In contrast, inactive distributions followed a 
power-law form, implying that inactive periods do not have a characteristic time scale. Moreover, 
Chapter 11 
 
197 
the inactive distributions in patients with depression followed the same power-law form as healthy 
adults, but with an altered scaling parameter, indicating more frequent episodes of longer resting 
periods22,29. Further, people with schizophrenia exhibited an enhanced persistency for both 
inactivity and activity when compared with controls30.   
Accelerometry thus has substantial potential to detect clinically relevant changes in movement 
patterns. However, accelerometer-based studies to date have been limited by two important factors: 
Small sample size and the absence of robust statistical methods to compare movement patterns 
between mental illnesses. The fractionation of the 24 hour cycle into sleep and awake cycles has 
also not been addressed. Moreover, analyses have employed only very simple models and hence 
neglected the possibility that everyday activity reflects a mixture of different modes of activity. 
Thus, the systematic validation of non-Poisson statistics in patterns of activity measured using 
accelerometry has not been achieved, and requires application to a large cohort with a spectrum of 
mental illnesses. This is a crucial prelude to broader translation of movement data acquired using 
mobile phones and other smart devices. Here, using a rigorous quantitative analysis incorporating 
novel stochastic models, we establish the clinical validity of accelerometer-derived indices of 
activity in adults with mental illness.     
Methods and Materials 
Participants 
One hundred and fourteen participants were recruited from psychiatric outpatient clinics and 
community-based mental health organizations in Brisbane, Australia. Participants were ambulatory, 
English speaking, and over 18 years of age, who self-identified as having a mental illness. Informed 
written consent was obtained from all participants. Ethical approval for the study was obtained from 
The University of Queensland Behavioral and Social Sciences Human Ethical Review Committee 
(2012000908), and the Royal Brisbane & Women’s Hospital Human Ethical Review Committee 
(HREC/12/QRBW/286). These methods were carried out in accordance with the approved 
guidelines.  
Of the 114 consenting participants, 13 did not complete the study. Reasons for withdrawal included 
lack of time (n=2), anxiety/paranoia about the accelerometer (n=3), forgetfulness (n=2), self-
perceived inability to adhere to the study (n=2), and hospitalization (n=2); two participants were 
withdrawn by clinical staff, because they considered their client’s mental health not suitable for 
participation. Data from two participants who completed the protocol were unable to be used 
because of an accelerometer fault (n=1), or failure to follow the protocol (n=1); data from 99 
participants were therefore included in the analyses. The mean age was 40 (SD=11; range 18-74), 
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and 48% were female. Formal assessment revealed considerable diagnostic heterogeneity: 83 
participants screened positive for at least one of the 13 major diagnoses on the MINI-Plus, and 42 
met criteria for two or more diagnoses. Positively screened diagnoses included anxiety (n=33), 
psychoses (n=31), bipolar disorder (n=23), substance dependence (n=23), and depression (n=20). 
The cohort thus represents a typically heterogeneous population of community-dwelling adults with 
mental illness. Diagnostic information is provided in Supplementary Tables 1 and S1. 
Table 1 
Participant health and demographic characteristics (n=99) 
Age; mean (SD) 40.5 (11.3) years 
range=18-71 years 
Female; n (%) 47 (48%) 
Psychological distress d  
 mean (SD) 14.8 (5.5) 
 High distress; n (%) 43 (43%) 
Number of current diagnoses  n (%) 
 1 41 (41%) 
 2 33 (33%) 
 3-5 9 (9%) 
 None 16 (16%) 
Single current diagnosis a n (%) 
 Psychoses 15 (15%) 
 Bipolar disorder 14 (14%) 
 Anxiety 5 (5%) 
 Substance use 4 (4%) 
 Depression 3 (3%) 
 None c 16 (16%) 
Multiple current diagnoses b n (%) 
 Anxiety 33 (33%) 
 Psychoses 31 (31%) 
 Bipolar disorder 23 (23%) 
 Substance dependence 23 (23%) 
 Depression 20 (20%) 
BMI (kg/m2) e n (%) 
  <18.5 2 (2%) 
  18.5 – 24.9 19 (19%) 
  25 – 29.9   31 (31%) 
  >30 47 (48%) 
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a Current psychiatric diagnosis screened using the Mini International Neuropsychiatric Interview 
(MINI-Plus). Only participants with a single diagnosis are presented, hence, the proportions do not 
add to 100%. A more detailed list is provided in Supplementary Table S1. 
b All positively screened diagnoses are presented for participants with multiple psychiatric 
comorbidities, hence the proportions add to more than 100%.  
c Self-reported diagnoses of participants who did not screen positive for a current psychiatric 
diagnosis on the MINI-Plus were: psychoses (n=6), depression (n=4), depression and anxiety (n=2), 
depression and bipolar disorder (n=1), anxiety (n=1), bipolar disorder (n=1), and psychosis 
secondary to an acquired brain injury (n=1). 
d Psychological distress in the previous four weeks measured using the Kessler-6 scale; scores range 
from 6 to 30, scores over 15 indicate high distress. 
e Height and weight were measured using a stadiometer and electronic scales. BMI was calculated 
as [weight (kg)] / [height (m)] 
Table S1 
Diagnostic characteristics of the analytic sample (n=99) 
Single diagnostic group (n=41) n 
Bipolar disorder (n=14) 
 BP2 7 
 BP1 7 
Psychosis (n=15) 
 Schizophrenia 9 
 Psychotic disorder NOS 6  
Mood (n=3) 
 MDD 3 
Anxiety (n=5) 
 PTSD  2 
 GAD 1 
 OCD 1 
 PD 1 
Substance dependence (n=4) 
 Drug dependence 3 
 Alcohol & drug dependence 1 
Two diagnostic groups (n=33) n 
Bipolar disorder and anxiety (n=5)  
 BP1 and PD  2 
 BP1, PD, and agoraphobia 1 
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 BP2 and PD 1 
 BP2 and GAD 1 
Bipolar disorder and Substance (n=1)  
 BP1 and drug dependence  1 
Bipolar disorder and Eating disorder (n=1)  
 BP1 and bulimia nervosa 1 
Psychosis and Mood (n=1) 
 Psychotic disorder NOS and MDD 1 
Psychosis and Anxiety (n=5) 
 Schizophreniform disorder and agoraphobia 1 
 Schizophrenia, PD, and agoraphobia 1 
 Schizoaffective disorder and PD 1 
 Schizoaffective disorder, GAD, and OCD 1 
 Psychotic disorder NOS, and PTSD 1 
Psychosis and Substance (n=4) 
 Psychotic disorder NOS and drug dependence 3 
 Schizophrenia and drug dependence 1 
Mood and Anxiety (n=8) 
 MDD and GAD 3 
 MDD and PTSD 2 
 MDD and PTSD and GAD 1 
 MDD and agoraphobia   1 
 MDD, PD, PTSD and GAD  1 
Mood and Substance (n=3) 
 MDD and drug dependence 3 
Mood and Eating disorder (n=1) 
 MDD and bulimia nervosa 1 
Anxiety and Substance (n=2) 
 PD, PTSD, and drug dependence 1 
 PTSD, agoraphobia, and alcohol dependence 1 
Anxiety and ADHD (n=1) 
 Obsessive disorder, and ADHD 1 
Substance and ADHD (n=1)  
 Drug dependence and ADHD 1 
Three or more diagnostic groups (n=9) n 
Bipolar disorder, Anxiety, and Substance (n=3)  
 BP2, PTSD, agoraphobia, and alcohol dependence  1 
 BP2, PTSD, and alcohol dependence 1 
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 BP1, PTSD, OCD, agoraphobia, and alcohol dependence 1 
Psychoses, Mood, Anxiety and Substance (n=1) 
 Schizoaffective disorder, MDD, PD, agoraphobia, OCD, PTSD, and 
 alcohol dependence 
1 
Psychoses, Mood and Substance (n=1) 
 Psychoses NOS, MDD, alcohol and drug dependence 1 
Psychosis, Anxiety, Substance, and ADHD (n=1) 
 Psychotic disorder NOS, PD, GAD, alcohol & drug dependence, and 
 ADHD 
1 
Psychoses, Substance and ADHD (n=1) 
 Schizoaffective disorder, alcohol & drug dependence, and 
 ADHD 
1 
Mood, Anxiety and Substance (n=2) 
 MDD, PTSD and alcohol dependence 1 
 MDD,OCD, PTSD and alcohol dependence 1 
None a 16 
a Self-reported diagnoses of participants who did not screen positive for a current psychiatric 
diagnosis on the MINI-Plus were: psychoses (n=6), depression (n=4), depression and anxiety (n=2), 
depression and bipolar disorder (n=1), anxiety (n=1), bipolar disorder (n=1), and psychosis 
secondary to an acquired brain injury (n=1). 
Data acquisition 
Height and weight of all participants were measured during the first visit, and a Mini International 
Neuropsychiatric Interview (MINI-Plus) was conducted to screen for 13 diagnoses. The MINI-Plus 
interview covers major depressive disorder (MDD), panic disorder (PD), agoraphobia, obsessive-
compulsive disorder (OCD), post-traumatic stress disorder (PTSD), substance dependence 
(drug/alcohol), psychotic disorders (schizophrenia, schizoaffective disorder, schizophreniform 
disorder, psychotic disorder NOS), bipolar disorder 1 and 2 (BP1 and BP2), anorexia nervosa, 
bulimia nervosa, generalized anxiety disorder (GAD), and adult attention deficit hyperactivity 
disorder (ADHD). The MINI-Plus interview has been shown to have a sensitivity of 0.45-0.96, and 
specificity of 0.45-0.98 for these disorders, compared with the Structured Clinical Interview for 
DSM-IIIR31.  
Participants were asked to wear an ActiGraph GT3X+ accelerometer (ActiGraph, Pensacola, FL) on 
the right hip 24 hours/day for seven consecutive days. Acceleration data were sampled from the 
three axes at 30 Hz. Participants were asked to remove the device only to go in water (e.g. shower, 
swim), and to record the time to bed, time out of bed, and accelerometer non-wear times, in a diary.   
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Data Pre-processing 
Raw acceleration data were filtered at a bandwidth of 0.25 to 2.5 Hz corresponding to the 
timescales of human movement32. Data were converted to counts per second (cps), and the vector 
magnitude was used to estimate the relative intensity of activity for each 1-second epoch. Data were 
also converted to counts per minute (cpm) for comparison with previous research. Accelerometer 
non-wear time was identified from participant diaries, and from consecutive zero counts for 180 
minutes or longer, and removed. Participants’ self-reported bed times were used to define their 
waking and sleeping data. Analyses were performed on pooled waking and sleeping data, and 
compared with analyses for waking data alone, and sleeping data alone. Analyses were conducted in 
Matlab 2015b (The MathWorks, Inc., Natick, Massachusetts, United States). 
Participants wore the monitor for a median of 23.4 hours/day (IQR=16.6 to 23.9). When 
considering the proportion of time that the monitor was worn in either waking hours or sleeping 
hours, the median ratio of these two proportions was 1.00 (IQR=0.98 to 1.19), indicating an 
approximate balance between waking and sleeping data. Participants with insufficient sleep data 
were only included in the analysis of waking data (defined as a ratio of awake to sleep data greater 
than 3; ten (10%) cases had insufficient sleep data). 
Data analysis 
We reduced free-living activity data to a sequence of active events, and inactive waiting-times 
( , respectively). These series represent accelerometer data above, and below, a threshold 
defined by the mean of non-zero activity counts (Figure 1 and Figure 2)22. The respective time 
series are defined by , and , where  is the beginning (upward 
threshold crossing), and  is the end (downward threshold crossing) of the ith event.   
Cumulative probability distributions (CDFs) were derived from these active and inactive time 
series. CDFs characterize the entire activity spectrum of a system, and their functional form reflects 
the nature of the underlying generative process28. We first fitted the CDFs with a power-law model 
using a robust fitting procedure, in which the Kolmogorov-Smirnov statistic is minimized, and the 
log-likelihood is maximized, over all possible xmin values, and a range of likely model parameters 
(α=1.1 to 5.0, in steps of 0.01)33. Previous communications have cautioned against using limited 
sets of competing models for observed data34 – to compare the relative successes within a more 
comprehensive set, the optimal xmin value for the power-law fit was used to fit four other standard 
competing models: i) truncated power-law; ii) simple exponential; iii) stretched exponential; and iv) 
log-normal. In addition to these simple and long-tailed models, we also fitted two composite 
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models: v) bi-exponential, and vi) sum of exponential and truncated power-law models, 
representing a composite of underlying processes. All models were fitted to the data using the 
maximum likelihood estimation technique, which maximizes the agreement of the model with the 
observed data35. Table 2 gives an overview of these models, and a description of the processes they 
represent. 
More complex models have more parameters, and thus may ‘over fit’ the data. The Bayesian 
information criterion (BIC) is a measure of goodness-of-fit which penalizes each model’s relative 
complexity, thus favoring more parsimonious models. We used the BIC to determine the best fitting 
model for each subject, because it applies a stronger penalty to model complexity than other model 
selection statistics, such as the Akaike Information Criterion (AIC). We then used a Bayesian model 
selection routine to determine the most likely model to describe the entire cohort. Each competing 
model’s exceedance probability (φ) was calculated, representing the probability that the model 
generated data from a randomly chosen subject within the group36. This method of model selection 
has been shown to be more robust than fixed-effects analysis, or conventional frequentist tests of 
model evidences, particularly in the presence of outliers36. The group-averaged parameters of the 
successful models were then calculated as the average of each subject’s model parameters, weighted 
by the renormalized model evidences of the plausible models37. 
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Table 2 
Overview of model distributions 
Model name PDF function Description 
Power-law  
Power-law distributions arise in empirical data when 
an observable results from an underlying scale-
invariant process, quantified by the scaling exponent 
(α). Example: earthquake magnitudes follow a power-
law distribution46. 
Exponential  
Exponential distributions occur widely in nature in the 
waiting time between events from a random statistical 
process. Such events are Markovian (‘memoryless’), 
occurring independent of the time since the last event, 
and have a characteristic time scale characterized by λ.  
Example: call center arrivals47. 
Log-normal 
 
A probability distribution with a normally distributed 
logarithm defined by its mean (µ) and standard 
deviation (σ), which arises from the multiplication of 
many positive, independent random variables (cf. the 
normal distribution which arises from the sum of 
independent random variables via the central limit 
theorem). Log-normal distributions describe situations 
of growth, where the growth rate is independent of 
size. Examples: axon diameters and firing rates of 
cortical neurons48. 
Weibull  
Defined by the shape (β) and the scale (λ), Weibull 
distributions (also known as stretched exponential) are 
commonly used in survival and reliability analyses. 
The probability of an observable over time decreases 
for β <1, is constant for β =1, and increases for β >1. 
Example: wind-speed distributions49. 
Truncated 
power-law  
Power-laws truncated at longer time scales by an 
exponential distribution are indicative of scale-free 
phenomena limited by the finite physical extent of the 
system (i.e., events have an upper limit). Example: 
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bursts in neonatal EEG50. 
Biexponential  
The result of two independent underlying exponential 
processes, with their own characteristic time scales 
defined by λ and γ. Example: bimodal alpha power51. 
Sum of 
exponential and 
truncated 
power-law 
A composite distribution formed by the sum of an 
exponentially-truncated power-law and an exponential 
distribution. 
PDF: Probability Distribution Function 
Normalization constants (C, C1, C2) are given in Clauset et al.33, or calculated numerically where a 
closed form solution does not exist.  
Results 
Acceleration data show a striking diurnal cycle of increased day-time activity and decreased (but 
not absent) night activity (Figure 1). The corresponding active and inactive time series show 
characteristic burst-like activity (Figure 2), with the sporadic appearance of high amplitude 
(lengthy) events, suggesting that standard exponential models are unlikely to compete well against 
candidate heavy-tailed models for these data.  
 
Figure 1 –Accelerometer data averaged over 1-second epochs (counts per second: cps) from a 
single subject. (A) Four consecutive days. (B) Close-up of Day 3 beginning and ending at 
midnight; time in 24-hour format. The horizontal line represents the threshold (defined as the 
mean of non-zero activity counts) used to derive the active and inactive time series.  
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Figure 2 – Series of events extracted from accelerometer data using a threshold of the mean of 
non-zero activity counts. Series of (A) active events (successive durations above the threshold), 
and (B) inactive waiting-times (successive durations below the threshold). Data above the 
threshold are active events of duration , and data below the threshold are 
inactive waiting-times of duration , where  is the beginning (upward 
threshold crossing), and  is the end (downward threshold crossing), of the ith event.  
 
 
Pooled waking and sleeping data 
A composite of exponential and truncated power-law models best described the active CDFs, 
indicating two distinct regimes of behavior (Figure 3A). Visually, the inactive distributions appear 
to follow the same composite model as the active distributions (Figure 3B); however, after 
penalizing for model complexity, the simpler truncated power-law form dominates. Exceedance 
probabilities quantitatively confirmed that these were the most successful group-wise models (Table 
3). CDFs generated from 60-sec epoch data (Supplementary Figure S1) were described by the 
simpler truncated power-law model (φ =1.0), and lacked the two distinct regimes evident in 1-sec 
data (compare Figure 3 and Supplementary Figure S1).  
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Note: Models with group-averaged parameters of “NA” were not potentially plausible models for 
any cases; plausible models were determined from the log-evidence ratios of at least 0.05.  
a Ten participants had insufficient sleep data, so were not included in analysis of pooled waking and 
sleeping data. 
Table 3 
Bayesian model selection and group-averaged parameters for  pooled waking and sleep data 
(n=89)a  
Distributions 
Active distributions Inactive distributions 
Exceedance 
probability (φ) 
Group-averaged 
parameters 
Exceedance 
probability (φ) 
Group-averaged 
parameters 
Power-law 0.027 90 0.177 2.04 
Exponential 0  0  
Log-normal 0 
=-2.12 
=1.88 
0 NA 
Weibull 0 
=0.14 
=9.48x10-7 
0 NA 
Truncated power-law 0 
02 
04 
0.823 
64 
2.0x 
Biexponential 0 
0 
0 
0 
3.3x10-5 
0.007 
0029 
0598 
Sum of exponential and 
truncated power-law 
0.973 
3 
0 
02 
048 
7x10-4 
1.56 
0.002 
0.001 
0.099 
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Figure 3 – Cumulative distribution functions (CDFs) and model fits for (A) active durations, 
and (B) inactive durations. The most successful group models (denoted by thick lines) were the 
sum of exponential and truncated power-law for active CDFs (parameters: =1.73, =0.03, 
=0.42, =0.48), and truncated power-law for inactive CDFs (parameters: =1.64, =0.0002).  
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Figure S1 – Cumulative distribution functions (CDFs) and model fits for (A) active durations, 
and (B) inactive durations, using 60-second epoch accelerometer data. Truncated power-law 
was the most successful model for active (exceedance probability φ=1.0; parameters: =2.09, 
=0.009) and inactive (exceedance probability φ=1.0; parameters: =1.85, =0.003) CDFs. 
 
 
Waking vs. sleeping data 
Similar characteristic behavior was found for participants’ waking patterns (Figure 4): A sum of 
exponential and truncated power-laws described active distributions (φ=0.961; Figure 4A), and the 
truncated power-law described inactive distributions (φ=0.988; Figure 4B). Sleep exhibited an 
absence of heavy-tailed behavior for active distributions, following the simple exponential form 
(φ=1.0; Figure 4A). Inactive distributions during sleep were more complex, being described by the 
sum of exponential and truncated power-laws (φ=1.0; Figure 4B). Model statistics are shown in 
Supplementary Table S2. 
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Note: Models with group-averaged parameters of “NA” were not potentially plausible models for any cases; plausible models were determined from 
the log-evidence ratios of at least 0.05. 
a Ten participants had insufficient sleep data, so were not included in analysis of pooled waking and sleeping data. 
Table S2 
Bayesian model selection and group-averaged parameters for waking data (n=99) and sleep data (n=89) a 
 Active distributions Inactive distributions 
Probability 
distributions 
Waking data Sleep data Waking data Sleep data 
Exceedance 
probability 
(φ) 
Group-
averaged 
parameters 
Exceedance 
probability 
(φ) 
Group-
averaged 
parameters 
Exceedance 
probability 
(φ) 
Group-
averaged 
parameters 
Exceedance 
probability 
(φ) 
Group-
averaged 
parameters 
Power-law 0.039 888 0 3.053 0.012 2.613 1x10-6 2.793 
Exponential  0  1.0 0.521 0  0 0.001 
Log-normal  0 
=-1.822 
=1.811 
0 
=-9.817 
=1.971 
0 
=0.807 
=2.067 
0 NA 
Weibull  0 
=0.108 
=4.7x10-10 
0 
=0.263 
=0.076 
0 
=0.184 
=0.560 
0 NA 
Truncated power-
law 
0 
085 
09 
7x10-6 
2.310 
0.123 
0.988 
65 
56x 
2.2x10-5 
289 
2.0x 
Biexponential 0 
406 
22 
939 
0 
507 
268 
871 
0 
0.015 
0002 
0508 
0 
4.7x10-4 
0007 
0536 
Sum of 
exponential and 
truncated power-
law  
0.961 
35 
0 
72 
434 
0 NA 3.3x10-5 
1.516 
0.006 
0.002 
0.139 
1.0 
1.242 
0.012 
6.9x10-4 
0.219 
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Figure 4 – Cumulative distribution functions (CDFs) for (A) active durations, and (B) inactive 
durations, for self-reported time awake (red circles), and time in bed at night (black circles). 
Only the successful group models are shown.  
 
 
Subgroup comparisons   
Prior research and clinical observations suggest that different clinical disorders may be 
characterized by distinct differences in activity patterns38. We compared activity patterns between 
participants with psychotic and bipolar disorders. Participants in these groups had similar age 
(mean=45.1 vs. 45.9; p>0.05), BMI (mean=31.8 vs. 31.1; p>0.05), distress level (mean=11.5 vs. 
13.4; p>0.05), and sex (female=31% vs. 50%; p>0.05). A composite of exponential and power-law 
models described psychoses, whereas a simpler power-law model described bipolar disorder (Figure 
5). We further confirmed that these two groups were generated from different distributions using 
the log Bayes factor (LogBF=13.2, F-statistic=7.5, corresponding to strong evidence).  
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Figure 5 – Exceedance probabilities (φ) of the seven competing models fit to cumulative distribution 
functions (CDFs): 1=truncated power-law; 2=power-law; 3=log-normal; 4=Weibull; 5=exponential; 
6=biexponential; 7=sum of exponential and truncated power-law. Upper panels (A, B) represent 
exceedance probabilities for active distributions; lower panels (C, D) represent exceedance probabilities 
for inactive distributions. Left panels (A, C) show results of participants with bipolar disorders (n=14), 
right panels (B, D) show results of participants with psychotic disorders (n=13). Active distributions were 
best described by a power-law distribution for participants with bipolar disorders (exceedance probability 
φ=0.77; parameter: =3.19), and a sum of exponential and truncated power-law for participants with 
psychotic disorders (exceedance probability φ=0.79; parameters: =1.85, =0.01, =0.55, =0.47). 
Inactive distributions were similar for both groups, being described by truncated power-laws, with 
parameters: =1.62, =0.0002, and =1.69, =0.0002, for participants with bipolar and psychotic 
disorder, respectively.   
Physical activity and metabolic health have been increasingly recognized as crucial in people with 
psychoses39. We thus compared the group-averaged model parameters between obese (BMI>32; 
n=16) and non-obese (BMS<32; n=12) participants with psychotic disorders, using a Mann 
Whitney-U test. The truncation parameter was significantly higher for obese (λ=.02) than non-obese 
participants (λ=.003; p=0.03). 
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Figure 6 – Robustness of cumulative distribution functions (CDFs) to variation in the activity 
threshold. The chosen threshold was defined as the mean of non-zero activity counts, and varied by +/-
50%. Data stability is shown for (A) active CDFs, and (B) inactive CDFs. Stability of the successful 
model parameters shown for (C,D,E,F) active distributions (parameters , , , and   of sum of 
exponential and truncated power-law), and (C,D) inactive distributions (parameters  and  of 
truncated power-law); y-axes represent the parameter’s proportional change from the chosen threshold. 
Threshold variation 
To verify that our results are insensitive to the exact choice of the threshold, we varied the threshold 
over a large range, from 0.5 to 1.5 times the mean of non-zero counts (Figure 6). The inactive 
period CDFs, and corresponding parameter estimates, are robust over a wide range of threshold 
values. On average, the scaling parameter  changed by less than 10% over the range of threshold 
values. More variation was observed for the active period CDF and model parameters: on average, 
the scaling parameter  changed by less than 50% over the range of threshold values. 
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Discussion 
Monitoring free-living physical activity patterns has important applications in psychiatry, for which 
mobile phones offer a powerful “real world” medium for data acquisition. However, validation of 
robust analytical techniques for the characterization of movement patterns in gold standard data is 
needed prior to broader implementation. Using a novel analytical method to analyze accelerometer 
data from adults with mental illness, we demonstrated that the stochastic models that best describe 
behavior are more complex than previously thought. This approach can be applied to accelerometer 
data acquired from mobile phones, and may have broader applications in monitoring severity and 
progression of other psychiatric and neurological disorders, such as dementia, Alzheimer’s40 and 
Parkinson’s disease41.  
Our main finding was that free-living activity in our heterogeneous clinical sample was described 
by a previously unrecognized composite of two distinct regimes of behavior. Short duration (~10 s) 
exponential behavior may be caused by externally-triggered reactions to environmental stimuli, 
whereas longer duration (~1000 s) heavy-tailed activity may be caused by internally-driven 
cognitive processes responsible for task priority queuing25. Previous research has used activity data 
averaged over 30-second42, or 60-second epochs22,29,30, which appears to be insensitive to this 
composite behavior. We also found that heavy-tailed behavior was not evident during sleep. The 
observed dominance of exponential behavior during sleep may support the preceding hypothesis, 
because higher order task queuing is removed during sleep, superseded by environmental responses 
(e.g. uncomfortable sleep position), or lower order cognitive processes (e.g. dreams). The 
distinction between ‘sleep’ and ‘awake’ data, however, was made from self-reported time to bed 
and time out of bed, which does not consider waking periods in bed (e.g. sleep latency, 
awakenings), or napping during the day. The Bayesian model selection routine is robust to outliers, 
so participants with particularly restless sleeps, or extensive daytime napping, are not likely to have 
altered the group-wise model selection.  
Our data suggests that both movement and the cessation of movement have characteristic time 
scales: Inactive distributions spanned four orders of magnitude (1-sec to ~2.5 hours), and active 
distributions spanned three orders of magnitude (1-sec to 17 minutes). Whereas uncorrelated, 
random events yield exponential CDF’s, the presence of long-tailed statistics in time series data 
speaks to more complex underlying processes, such as temporal memory, metabolic constraints and 
strong feedback28. Here, truncation of active distributions may be caused by the energetic extent of 
the system (e.g. fatigue), or the completion of tasks, resulting in cessation of meaningful activity. 
During periods of rest, the need to respond to influences that arise internally (e.g. hunger, the 
development of a task priority) and externally (e.g. adjustments while seated) prevail. 
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The utility of these findings is exemplified by our application of a comprehensive set of competing 
models to the data, and the quantification of group-based likelihood of the models using a Bayesian 
approach. Previous studies have applied a smaller number of model hypotheses to activity data, 
which can lead to misinformed conclusions43, and have not formally appraised group-wise model 
success. Previous research has found that power-law and stretched exponential (Weibull) models 
best describe the cumulative distributions of inactive and active periods, respectively29. Differences 
between previous research and our findings may arise from the limited number of previous models 
studied, the absence of a formal inversion scheme, and the different time scales used (e.g. 1-sec vs. 
60-sec epoch data). The position of accelerometer wear also likely influences the resultant activity 
pattern: we used hip-worn monitors which measure “whole body” movement (and may more 
closely mimic the position of a mobile phone), whereas previous studies have used wrist-worn 
devices.    
We additionally performed a proof-of-principle contrast between participants with different 
psychiatric diagnoses. Interestingly, the short-duration exponential behavior evident in the active 
distributions of participants with a psychotic disorder was absent in those with bipolar disorder. 
Instead, a simple power-law model best governed the active distributions in bipolar patients, 
potentially representing a reduction in reactional behavior, and increase in purposefully directed 
behavior (Figure 5). This finding is broadly consistent with the hypothesis of neuronal 
dysregulation of dopamine in bipolar disorder, causing over-excitation of the processes responsible 
for volition44. Previous research has found that bipolar patients in a manic episode exhibited a 
greater degree of exploratory behavior when faced with a novel environment7, which may be 
reflected the present findings, and may have clinical implications for the monitoring of 
psychopathological symptoms.  
Adults with mental illness have poor physical health compared with the general population45. 
Changes in activity patterns may reflect a higher risk of developing physical complications. We 
examined a limited number of parameters pertaining to physical health, and found that the model 
statistics for obese people with psychotic disorders were different from those who were not obese. 
A larger truncation parameter was found for the active distributions of those who were obese, 
indicating a reduced likelihood of remaining active for longer periods of time. This could be due to 
a higher propensity to fatigue in obese participants with a psychotic disorder, possibly driven by 
‘negative’ symptomatology. The application of this analytical method is formative, however, and a 
larger sample would be required to investigate the possible influences of health and demographic 
characteristics on model parameters.    
 Our data were recorded during free-living conditions, sampled from a diverse sample of adults 
across a range of mental illnesses. While this approach has strong ecological validity, it also 
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presents a number of limitations. In particular, there were only 14 participants that had a single 
psychiatric diagnosis without comorbidities, which limits investigation into the specific influence of 
diagnosis, medications, and demographic characteristics. Sixteen participants did not meet the 
MINI-Plus criteria for a current mental illness; however, these participants may have had symptoms 
of poor mental health that did not reach clinical levels. The sample heterogeneity may also have 
advantages, in that the application of this analytical method to a broad sample is more reflective of 
real world conditions. Future work could focus on applying these analytical techniques to larger 
samples of participants with a specific psychiatric diagnosis, and correlating model parameters with 
dimensional symptomatic measures (e.g. positive and negative symptoms of people with 
schizophrenia) rather than contrasts between diagnostic categories. 
In summary, we presented a novel approach that has applications in the monitoring of 
pathophysiological symptoms related to movement abnormalities in adults with mental illness. This 
methodology holds promise for broader application, particularly with the roll-out of mobile phone-
based psychiatry research. 
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11.2.3 Participant information sheet and consent form 
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11.2.4 Main questionnaire 
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11.2.5 Consent to contact doctor 
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11.2.6 MINI-Plus interview 
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11.2.7 Accelerometer diary 
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11.2.8 Accelerometer analysis program 
 
A flexible, automated accelerometry analysis program was written in Matlab 2011b (MathWorks). 
This enabled additional analyses that are not possible in standard ActiLife software, specifically, the 
assessment of bout statistics in activity data, evaluation of commonly accepted accelerometer wear-
time criteria, and the derivation of activity distribution patterns. These additional analyses 
contributed to the student’s research output: Bout statistics were published, an article was published 
on weartime criteria for adults with mental illness, and an ancillary paper was published about the 
usefulness of activity distribution analyses.  
Please note: Many papes of syntax were written for these analyses, however, only a portion of the 
Matlab code is included here. The student can be contacted for further information as required.  
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11.3 Study 2  
11.3.1 UQ Ethical approval   
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11.3.2 PA Hospital Ethical approval 
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11.3.3 Recruitment flier 
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11.3.4 Participant information sheet and consent form 
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11.3.5 Demographics questionnaire 
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11.3.6 Doctor’s consent form 
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11.3.7 Depression Anxiety Stress Scale (DASS21) 
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11.3.8 Psychological general well-being index (PGWBI) 
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11.3.9 Kessler-6 
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11.3.10 Acceptability questionnaire 
 
 
 
 
